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TO HrS TEACHER, 

Professor Wilhelm Waldeyer, 

This First Attempt 

Comparative Anatomy of the Brain 

DEDICATED 

REVERENCE AND GRATITUDE. 
THE AUTHOR. 



AUTHOR'S PREFACE TO THE FIFTH GERMAN EDITION. 



XoT without a certain hesitation does the author come with this edition 
before his circle of readers. Though the previously small book has now 
grown to larger proportions, still it presents a subject wliich has not pre- 
viously been comprehensively treated: the comparative morphology of the 
central nervous system. 

Three parts have arisen from the original little work: parts which 
arc so far independent of each other that they who have less interest 
for Ihe more general matters and for comparative anatomy, by turning 
paüt the first two parts will find in the third a somewhat enlarged and 
richly-illustrated edition of the old book. Grateful for the interest which 
the medical profession have manifested in the work, the thinl part, which 
deals eselnsively with the mammalian, and especially with the human, brain, 
has been carefully rewritten and enlarged through the addition of numerous 
figures made from photographs of sections. In order to facilitate the study 
from sections a complete series of frontal sections through the entire brain 
has been added. 

Part I is introductory, giving the fundamental ideas accepted at the 
present time. It takes into consideration also function, which was not con- 
sidered in earlier editions. 

The second part of the book realizes finally a plan which, since the be- 
ginning of my studies in brain-anatomj', I have never allowed to escape my 
eye. Resting almost completely upon my own investigations, it gives a 
review of that which may be said, with some certainty, of the structure and 
course of development of the central nervous system in the vertebrate series. 
Those who have worked in this field, still cultivated, will, considering the 
difficulties which tower up everywhere, leniently judge that which is prof- 
fered. The first attempt at a general presentation, the book shows every- 
where the insufficiencies which such a work must present. No one knows 
that better than the author himself. If, as here, the plan of the whole 
forbids going into details, it will not be possible to always give a sufficient 
foundation for that which is presented. So far as it has been possible, this 
has been supplied in the numerous figures whose addition has been made 
possible through the liberality of the publishers. This edition contains 113 
figures more than the Fourth, and of the new ones, 99 are devoted to com- 
parative anatomy. The central nervous svstem has formerly been studied 
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mostly by physicians. To them, naturally, the first task was to gain a 
better understanding of the human brain, only the mammalian brain being 
brought in for comparison. We possess, however, even of the lower verte- 
brate types, several excellent descriptions. 

]ly comparing animals low down in the vertebrate series the attempt 
is here made to determine where particular structures appear, how they vary, 
and wliat functions they may perform at different stages of their develop- 
ment. It has also been attempted to determine what belongs to each 
separate part of the nervous system as essential and fundamental. It is an 
attempt in which the author believed himself justified, in view of the fact 
that he had been occupied ten years in studies in the realm of comparative 
neurologj". 

The preface to the second edition of this book closed with the following 
words: "There must be a number of anatomical mechanisms whicli arc alike 
present in all vertehrntes: those which make possible the simplest expres- 
sions of the activity of the central nervous system. It is only necessary to 
find that animal, or that stage of development of any animal, in which this 
or tliat mechanism appears in so simple a form that it may be completely 
understood. Once one has anywhere perfectly established the relation of 
such a mechanism — f.tj., a nerve-bundle or a cellular structure — he is usually 
able to readily find it again even where, through adventitious matter, it is 
made more or less obscure. The discovery of such fundamental features of 
brain-structure appears to be the next and most important task of brain- 
morpholog}'. Once we know them, it will be easier to understand the com- 
plicated mechanisms with which the more highly organized brain performs 
its function." 

This was, in a way, a programme which has, in part, been carried out in 
the new edition. 

Edixoer. 
Fhankh-mt-am-M.xi?:, .Ivne, 1890. 



TRAXSLATOR'S PREFACE. 



The hearty reception accorded by the medical students and practi- 
tioners of America to Professor Riggs's translations of tlie earlier German 
editions makcB it unnecessary' for the editor of the present translation to 
introduce the work to Professor Edingers circle of American readers. 

The additions which have been made to the original since the last 
English translation increases the range of its usefulness. Originally ad- 
dressed particularly to the needs of the medical profession, it now contain» 
matter which is practically indispensable to the general student of neurology 
or of physiological psychology in the biological departments of our universi- 
ties. 

In a few instances passages, in Part II of the original, which appear in 
fine print and serve to amplify or to further explain certain statements of 
the text, have been condensed or omitted, justification for this being urged 
in the somewhat different needs of the American readers of the work. The 
"lectures" of the original have been presented as Chapters. This necessitates 
an occasional departure from the diction of the original. 

The translators take this opportunity to acknowledge the efficient 
assistance of Mr. J. C. Gordon, of the Wisconsin State University, in the 
preparation of the manuscript. 

The fullness of the index prepared by Dr. Charles L. Mix, Instructor 
in Xeurology in the Xorthwestem University iledical School, adds much 
to the value of the hook, both in its use as a text-book and as a book for 
reference. 'J'lie translators express herewith their appreciation of the work 
done by Dr. !Mix in preparing the index, and also in making the final proof- 
reading. 

WisFiELD S. Hall. 
Chicago, Xovembeh, 1808. 
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Bevibw or TiEB History axd tub Mbthods of Investioxtjon or 

TDB CB^'TItAl, NEBTOCS STSTBH. 

The anaiomr of the central n«n'ouB s^'siem, whoac fvatun» tbeoe 
cliapters are to present, has, since the renaitsatu:e at anutomy, ongn^td tbo 
lively interest of numeroiig investigator». Vosaliue, Knstachio Aranzio, 
Yaholo, and Fallopia laid the foundations upon which, in subsequent 
centuries, the aupcrstructurc could be Irnilt. Even in the seventeenth 
century tJiPrn Bppcnred ertonsivo monograpliB, which, consirlerinp th«r ti^h- 
nique at command at that time, must he rcoognizt-d im practically eshaust-j 
ire: t.g., the books of Th. Willin and of Raim, Vieussens. Xeverthek 
Willis could Btill describe a» new auch t-lnictiire» as the corpus striattim, the 
anterior commiEäun*. thf pvraniid6, and tlie olivary bodies. Important con- 
tribulioue on brsiu-auatomy were mode CYcn at that lime bj Sylvius, 
^Tcpfor. and Von I^^ceuweuhcek, tho last of whom was (iist to oak« a 
microscopic inrestigation of the brain, Malnoamo, in lt4ly; von Soemnner- 
ing, in Uermany; Vic<] d'Axyr and Ilolando, in France, contributed muehj 
in tlio latter yiart oi the eighteenth century, to the cxtvnsion of our knowl- 
edge of the brain. 

As our century dawned there wa» scarcely anything of imporUoce to 
be added to the groee aoatomy of the organs of tlie central ner\-ou8 system. 
Little progress had been made, however, in wlint wc must now rccogniz« 
M the most important purl of (he morphology of the ct-ntral nervous system, 
Baraolj; in the knowlc^Igo of the finer relations of the parte, — of the coureo 
of the fibers. Even inveatigations in the oomi>arative anatomy which were 
made in the first decades of the nineteenth century made no advance in 
this field. What remained to be done by essentially macroftcopic metbods 
baa been accompli 'ühcd by Keil, Gall and Spurzheim, Arnold, Reichert, 
Foville, Burdoch, ei ai 

Itril, in particular, who first brought into general reci^nition u ftl 
preparatory method the artificial hnnlening of the brain, bad diftcoverftd] 
a great many facta which do not appear upon the surface. 

.As hi* most important di-tcovery one must designate tho boundary of 
the corona mdiala and the pedunculi cerebri, whose relation to the corpus 
cailoaum, which traverses them, he ßrst recognized; the Tractus tecto- 
Bpinalis and its origin in the Corpora Qnadrigemina, the Nucleus lenti- 
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fonuiB, the insula, and many other structures were incorporated into 
anataroy onh after hiä iDVf8tigation& 

As & landmark at the beginning of this earlier period stands Burdaoh's 
book, — "On the Structure and Life of the Brain," — in wTiieTi, appearing 
in 181», the author had carefully collected everything which had been 
acoompltAhed up tu that time and added much explanatory matter. 

Up to about the middle of this century the teehniqiie couÄisted, for 
the most part, of grout disüection with the knifo and of the separation of 
the fibers of hardened piece» of hrain-tiasue with the forccpa. Gull, liur- 
dach, Ri'il, Arnold, and Fovillc discovered much with the use of such 
methods. 

It JÄ «pccially due to Tiedeniann and Reichert that, through embry- 
ology, the general morphological relations eame to be butter und«rntood. 

But Bine« Khrenbcrg (1S33) had deraoMtmted that the brain {SeeUn- 
vrgan) is eoiapoeci] uf innumerable rery fine tubes, since Itemnk (183)^) had 
described the gangHon-cellit more exactly, and HannoTer (IMO) had 
demoniitratcil their connw^fion with the nervc-fihtr«, it was clear that a 
aimplc dieacction cf Jhc hrain and cord wa5 not HufBcicnt to yield the 
desired ineighl into their structure and relatioiiB. 

Stitling''s great contribution was the introduction and use of a new 
method: the preparation of thin gectiona. or, ratlicr, serial section?, rbich 
were made in differeJit, but definite, directions through the organ.' 

The preparations so made were carefully studied, their pictures com- 
bined, and thus the arehileeture of the central nervous ^yetem wa^ recoD- 
stnieted. Through these methods and through the studies which he made 
vitli their help. Stilling laid the foundations for the tuodern anatomy of 
the spinni cord, the medulla, the pons, and the ccrchcUum. On January 
95, 18-1?, Stilling allowed a pitiv vS cord tn frcvzc in a temperature of 
— 16' C. (3* F.), and then made, with a flcalpel, a fairly-thin croas-sectioa 
of the some. "When I brought thi? under the microecope," be writ«, "and 
with IS-diameters' magniöcation Iwbeld tht- trauuvcrae commissural fibers, 
2 was conscious of having found a key which unloclved the secrets of the 
wonderful structure of the «pinal cont. Archimedes did not more joyfuUj 
■hout 'Rurrka' than did T at that üight." , 

StiUiDg*« method is the one atill mo«t osed for the study of the central 
neiToafl system. It« application h much facilitated by the hardening of 
the Derrous tinue (hrough dilute chromic acid or solution of chromc-Mlts: 
a procedure introduced by Hannover and Eckhard. The sections are 



' BoliDilo had prFvlotiily made thin «vtioim of llie crntrxl ncrrDiu njatrin 
(18241, twt Ut' rcMinalTUctinn of 1h« organs Ihrougli cömblBatianB of «xt«iided 
■cdc« ol H«Uon> ia due pMiiicuUrtj 1« Stilling. 



raOW) OP IJTVWTIOATION. 



made mostly with the micrfttomp, which mnkcs poeiblc exact Bcctioning 
and lai^c eections of tinvarvinp thickne-is, Faiiltless st-rinl «xitions of an 
entiro hnroan brnin can now hfi prepared less than */,(, niillimetre in 
tliickncsB. 

The sections may he stLidi«d «nstained. All that Stilting found wa» 
Be«n in such imsUiiiLsl prpiiarationa. It U advigthle, however, to »tain them. 
We are indebted I0 Oerlach (16S6) ior baring flist draim attention to the 
advantage to be gainrd through a soakiaj? o( the preparation in cannin. 
Later times have pnirluced many staining mrtbods; eepocially have anilin 
staioa (nigroein, etc.) been uaed. But only recently have we, through Golgi 
(1883). foxmd a method which accomplishes more than the old one of Oer- 
lach. This method is based upon the action of chrome-silver: blackenin^^ 
tlic cella and their proceaK«. To it wc are indebted for an entirely new 
and unexpected imight into the finer structure of the central nerrous 
syrtem. 

Niesl flrat made it possible, through careful hardening and aft«r- 
tieotment with anilin 8tum§, to make prcparalion» which furnished a 
glimpse into the structuw «/ a garigiion-coll. The course of (jbi-re is not 
made much plainer through carmin staining. On the other hand, it is 
poKiblc, through Wcigert's (1881) valuable method of hsmatoxjlin stain- 
ing, to etain even the flncBt fiber« a deep bhte-blaek, and so. following Still- 
ing'a method, trace their course more easily than was fonnerly potsible. 
One may alivt get beautiful prcpn rat ions through treatment of the tisan«, 
with osmie neid, following Exncr and Bellonci. 

Sine« the time of Clarke's recommendations on this point (lÖAl), the^^ 
atained section» are dehydrated in alcohul and then throngh an ethereel 
oil or tliroMgh lylol made transparent ("cleared"). 

Id 1S86 Khrlich showed that it is poHcsibU-, with mctbyl-hluc, to atain 
axia-cylinden« and ganglion-cella of living ouimab. In tht? Iiandt^ of Rctisiua 
and others this process has become of the greatest iraportance for the in- 
TCfltigation of the fmer structure of these portions of the central nervoos 
system. 

Moct of the investigators who have worked upon the centtal nervous 
ayttem during the second half of tills century' have followed Stilling's 
methods. 

We are indebted t« two men, Stilling and Mejncrt, for most that we 
know of the minute structure of the brain and cord. It is to be noted 
that all later investigators have proceeded from that which these men 
evtablished. 

Benedict Stilling laid the foundation of all our knowledge of the pons, 
the cerebellum, the niedulta, and the spinal cord through a scries of most 
important works bearing testimoig' to unapproached industry: works which 
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are certain to nuk« for the great Cawel plij'sician a r)ic>nu»refi^»m are 

nnivi. 

HeyneH, howc^Tr. not onlj sjelenuiticall}' worked through Lhc whole 
field of brain- and coid- anatomy, diecovering, through sections and dii- 
sections, more now facts titan had any previous inreeti^rator, Stitlinf; ex- 
cepted; but, upon minute aoHtomy »s a t>asie> he formulated a theory of 
brain-structure which haa equally inlluciic»! anatomy and psychologj, hear- 
ing fruit up to the present time and etimulaling investigators to nev 
discoveries. 

Ftom the nature of the Stilling method it follows that the tracing of 
a Dprve-tract for considerable distances is made certain only so long aa the 
elements which combine (o form it are not interrupted by ganglion-ccUs 
or (urn out of the plane of tlie section, so long as it doe« not pasa into a 
fiber meeh-work or from one bundle split up into numerous diverged 
fibrilla*. Eren in the spinal cord of the smallest animals it seldom ooeura 
that the entire couiBe of a fiber may be seen in the plane of one section. 

It waa, therefore, necessary, after getting one's hearings in this düEcult 
field tlirongh Stilling'B work, to »eek for fnrtlier methods which would per- 
mit the lindin)E and tracing of nerve-tracta. 

Aa iff well known. Waller (1053) showed that sertred nervtt de- 
gMtratt in a tltßnitt direction. Tiirck had already shown (1850) that even 
the Jntermption of conduction in the ftpinal cord leads to degeneration, 
which progwsM« upward in enme tract« and downward in others. 

Thntijgh hit studies, as well as through tho^e of Houchard, Klechug, 
CharQOl, it al, it was succeufully demonstrated that in definite tracts of 
the spinal cord and the brain lie flbera which, whvn degenerated, separate 
thenuelvca from the nurmol tisAUv:s along their entire course, and may 
thus be easily followed, llie study of these secondary degenerations ha» 
once become important for the advance of the science with which vv 
are employed. For this reason let us for a moment discuss Waller's law 
•omewhat more in detail. 

It ie now furmulat«] as follows: The ajis-^-yhWer of a rierve-fibT 
rtmaint tntad onfy so long as U is in connection with it* pannUcsU. It 
dfljrenaniiaf along triih its gkealh hei/ond ifu point when it$ eotinection 
tciih til* partni-ctU is snwmf. Rut Forel has shown that, in the ncwbnni 
after aimple sevvring of the nei-ve and in adults if thf nene i^ divided 
very near to tlie nucleus (gzm^'liun'cell). dcgonemlion may occur also in 
the DeTTC-acgmcnt which is connected with tliv cell. Bregmonn has also, in 
•a inveetigation especially planned with this point in view, confirmed the 
theory of the degenorulion of the central etump. Thie apparent contra- 
diction of Waller's law has bei'n solved by the stndiee of Xisal. Ni«! has 
diowD that a harmful influence is exerted upon the central cell from the 
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point vbere tlie nenre is neveied, and that the cell may be temporari); 
mach damaged, at any rate structurally modified. In such case« the do- 
generatioQ of the central segment of th« axis-cylinder also üupenrene«, 
simply because it is not in connection vith a normal parent-cell, lo ihe 
consideration of secondary degcnorationa one must, in future, gire due 
weight to thfae facts, o-hich arc of especial iroportBnee pathologically. 

The region through which euch a degeneration is always propagated 
u called a tract {Faarsysiem). A DuniW of disea«ee of the spinal cord, 
either in their inception or throughout eheii' course, affect particular tract«: 
9.g., only the poetcrior tracts of the Bpioal cord. Sucli ditseascs are called 
"System-dificaEt«.'' The etudy of euch diseases can be utilized for the 
increase of our knowledge of the course of neire-tracta (I-lechsig, Weatphal, 
Strümpell). Further, through an exact study of pathological chmgw 
Charcot and his pupils — especially Pitres, F^r^, BcUel, Brissaud, et &l — 
bare added mucli to our knowledge of brain-anatomy. 

Occasionally malfomiationit make it possible to difTerenliate one tract 
from another more readily than in the normal brain. Thus Kaufmann 
and others were able to «liidy cases of absence of the corpus calto^um in 
which» just because of the absence of the commissure in question, other 
fi*ftturf« of Ibc brain came out into pr«viüusly unknown prominence. These 
obecrvations suggustc-d the experimental screring of particular parts of 
the roots or of the epinal cord, and, through the intentionally induced 
secondary degeneration, lo gain further knowledge of the structure. 
K'umerous eiperimcuU of this kind wore made, and for many important 
facts we have to thank tliose experimenters who proceeded in this way. For 
example, through the nerve-culting experiments of Singer and of Schieffor- 
dfcker und later of Liiwcnthal, Sherrington, Slott, tt al, our knowledge of 
the course of nerve-roots in the epinal cord has beea much enriched. 

Such degenerations may be studied secordiDg to one or the other of 
two method«: One may either wait for the complete destruction of the fibers 
and then follow the oouno of the atrophied tract, or one may, within a 
few weeks after the nperntion, treut a preparation with n solution of osmic 
acid, which blackens the products of degeneration (Marchi). The last 
method especijlly give« very clear pictures, showing the degenerated fibe» 
in lines of black points upon a clear field. 

If, in a newborn animal, peripheral or central nerve-substance be re- 
moved, fiber« involved in the injurj- or operation do not further develop, 
but, in fact, gradually, yet complclely, degenerate. 

Guddcn (18?0) used this fact to furnish us with ft new and fruitftil 
method of investigation. For example, after extirpation of nn eye ho fol- 
lowed, through means of sections, the atrophy taking place in Iho brain, 
and fio found the central ending of the optic nerve in question. On what- 
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ever p«rt of the brain he oxiiprimt-nteii he bmii^rht new und important thing« 
to light. In addition to Gnddcn ve «re *Uo indebt«! to Majecr, Ganger, 
Forel, Monakow, and Ijiiwenthal for important facte regardinj^ the course of 
fiben in the spinal cord, the method of origin of cranial nervw, the cohtm 
of the Tractiu tocto-liulboris in the brain, etc. 

OccAsionall/ coses arc obecrvcd when ualure henself äimilarl.v performs 
k Ouddcn cxporimvnt upon miiD. Tliv author was abl«^ in one cose, to 
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forcq« the hardened tiMUC. (After Hfinl«.) 



follow far up the spinal enrd atrophied nvrvc-tracta which had been arrertcd 
in development through intra-uterine amputAtion of an nnti: at another 
time opportunity was offered to study thc.nen,-ftiw *y*tpm of n child which, 
Mon after birth, Buffered an extended sofleniny of the cort<>x of the 
pariotal Inbea. In the spinal cord the ero»<-d pyramidal tiacts were com- 
pletelv lacking. 

The knovl«dge of the course of nerre-tracte has made notable progress 
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tbrough the mythodB of Beeondary degeneration and uf atropliy. But a still 
more fruitful sourco of kuowledg« i« a new method based upon the study 
of the duvelopiiicnt of tin- ncrvu-sht-ath. 

To Klcchsij; i» duo the merit of inlraduciti^ and of vxhnuBtivcIy alil- 
ising 'this new method. In^a series of CDniiniini(-n.tionB (1S73-18S1), and 
later in a l&r^r work on the " Cunduotinie: I'aths in the Brain nnd Spinal 
Cord" ("Leitungsbalinen im Gehirn ii. ßückenmark," 1876), he showed 
that the diiTerent nt'rve-(rnfls, which, in Ewtioiis of the central nervous 
»VEtem of an adu!t, appear bo aiinilnr and uniform, dilTer easentially in the 
embrj^onic period and that they acquire their niüdullar}' nheath at different 
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timeü. Whole "syetonif" in the crosa-section nf thi- spinal cord arc etill 
traaaparent at a time when others have already become white and medul- 
Uted. The tracing of the white portions in cToss-eections and longitudinal 
eections is much eanier, and gives nuich more reliable results tlian does the 
tracing of fatiticuli in fully-develnpi>d organs. 

A good idea of th« periiharitip? of the result« of the methods thus far 
mentioned may be had from a study of the accoinpanyiug flgnire«. Fig, 1 
Khows the result of a direction, a separation of the fibers with forcejw., and 
fthows the course in the cerebrum of the liliora of the (.■tirpus calloBum. 

Fig. 2 is made from a frontal section through the cerebrum of a nine* 
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uiODtlu' fitill-born fosixuM. The whole of this area is, in tho adult, filled with 
nfrve-fib«r«, which kk ditticult to follow because of thoir Torioiu direotiono 
and intcreoclions. Ic the section in question, however, of all the numerouB 
fibers of the cerebrum onlj the Eingle tract dueigosted the tegmental tract 
I» medullsted. Iii the figure the black lines locate it. At no other place In 
the ceiehrum majr inedullated fibers be found. Hence Klechrig va able to 
discover, among the numerous little-known tracts of the cerebrum, the 
tegmental tract as a distinct one, and in part to trace itfi course. 

I-'ig. 3 represent« a section through the cerrical portion of a spinal 
cord from a man who lost the left forearm before birth. Kole that both 
gray and white auhstances — but panirularly t!ie former — are strongly atro* 
phied on the left side. The exact determination of the extent of the 
atrophy justifies a conclusion as to the location of the central ends of the 
divided neires. 
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Knowledge of the general morphology of the central nervous system 
is gained through embryology. For our knowledge of the embryology of 
the organs we are now studying wc are indebted especially to Kolliker, His, 
'l^iedemann, Beichert, v. UihalkovicB. Qotte, and Kupfler. 

As early as tho soventccnth century the first attempts were made to 
approach the brain in a comparative way; and the literature of the first 
half of this century contains a great number of monographs on the brain 
of the lower vertebrates. Tt was the fUh-brain that was ever the subject 
of renewed study. The numerons studies of this lime reached a climax in 
the work of Lcuret and Oratiolct, on "The Vertebrate Brain"; also in 
such really f^'i^t monographG as that of the Wolmar physician. Dr. Oirgcn- 
aohn, on "The Brain of l-'ishes" (IfrlG). Xatnrally all of these works aro 
eonceni*>d simply with the outer form of the brain. That is true, also, of 
several later onee, which, undertaken from the stand-point of general 
morphology, have given ua exact knowledge regarding simply the e.Ytemal 
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form. Among these may be mentionetl the works of Oottsche, Viault, Val- 
entin, Miclucho-Uaklay, Baudelot, et al, who have given with exactness the 
uiatomy of the selachian and li'leoätcan brain. The brain of the am- 
phibian and oF the reptile has been much studied by comparative anatomists; 
there ie, however, little of the older literature «»eful to the gcDt^ral nior- 
photogist e:icept the works of l^eviranuG ajid of Canu. 

But here was introduced the new tcchniqne of serial «ections. Beieener 
and, later, Stit^ilü were tirst to attempt to find their way through the diflicult 
field by Uie aid of sections, and to the last-mimcd author we are espoeially 
indebted for pioneer sluditf« on the inner gtnictiire of the brain of the lower 
Tertebratcs. After Slieda had sectioned and figured the brains of repre* 
tentative ßsheA, amphiliian«, anil bird», there rapidly followeil othrr tsludiea 
in the same ßeld. Xearly all clofi^es of animals were invceti^ted. Fritech 
devoted a beautiful monograph to the study of fUlies. Ills statements, how- 
erer, were later extended and in part much modified through a work by May- 
KX' a work which should be counted among the ctassicü of brain-literBture. 
Along with Mayser'« monograph stands a work which may be wpocially 
recomnicnded: "The Description of the llrain of I'etromyzon," by Ahlbom. 
These work« have laid the foundation for our present knowledge of th« 
brain of the lowest vcrtcbratea. Still, for want of good technique, they have 
been able to give but little relative to the uiinule structure. 

Th« inreatigatiune of the Italian, Giuscppo Bctlonci, alnuc showed 
what problem» still rcsiatcd solution. Although Bcllonci died young, th« 
few short papers which he left belong to the very beat that we possets in 
this field. Our knowledge of the brain of the lower vertebrat«e was given 
an espeoial imjietuii through the embryologicnl »ml comparative anatomical 
studies of Itiickhardt, to whom, nexi to Stieda, vie owe the possibility of 
tracing the homology of single brain-fitnicturea of the lower veatebrates with 
the corresponding parts of the much better knou-n mammalian brain. In 
America, where lllason had already published a comparatiTe aoatomical 
chart, wc may mention Spitzka and his pupils; then 0»borD, to whom we 
ore indbbtc-d for important studies in commi^ureä and on the amphibian 
brain; and Ucrrick, who with great industn- studied reprcsentativee of 
every lower class. In England appeared the sludiea of Saunders. In Ger- 
many Wiedershoini, Koppen, Meyer, the author, and others were actively 
at work. Fiom Australia we have received from Elliot Smith excellent 
studies on the brain of lower mammals. But for the most part the methods 
were yet quite insufEcient; so that, despite much work, little reliable ma- 
terial was collected. The .Nmphibia and Reptilia have been, comparatively 
«peaking, beet worked, although certain parte of the fiah-bmin are at least 
fairly well known. The knowledge of the avian brain is most fnigmuntary. 
Its cerebral beminpheree have been studied quite insutüciently, though, 
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throMgh the Btuili«« of S. R. j Cajal, Van Gebuchten, and Branilis, some- 
thing at lea^t i^ known of tho niesi'ncvplialon and of the origin of nerve- 
trecls. 'ITie niiifl iiiiiKjrIant slndv «if the avian brain is that nt Buinm. 

The eetAhliahiii£ of homi)lo^ii-.<^ has hcvn more and more facilitated 
through Burkhardt'« studiivi in romparatire anatomy and through the em- 
bryological work of KuptTcr and of Hi$. "flironfh these studies we first 
learned to r«e<>gnize the isiportaace in comparative etndiee of invagination» 
aad DTagination.4 ok^ervahlo upon the brain. 

Comparative anatomy ha*i not, up to the prcsmt time, increased our 
knovledpe of the coanw of nervtstracta m much as we wore justified in 
expecting. The interest in the minute »tnietnre has heen slight compared 
wiUi that in the detenninatioa and description of the outer form, notwith- 
standing the fact that the former is the kernel, while the latter is but the 
Hitcr shell. Thi« ma/ he attributed to the inadequacy of the methods 
rhich were at command. Only a few were uble cloarly to recognize, in the 
labyrinth of tract*, — present even in the lowest invertebrates,— «inglft fa»- 
ciculi, or to difterenttale single ganglia and nerve-originm. Simple aril clear 
as arc the outi-r features of the lower vertebrate brain, ihe inner structure 
is, ncrerthelcMi, hardly less complicated, esperially in those regions posterior 
to the Thnlanit-ncephalon. than in the mamiital? Ihemselvps. The cells and 
nene-tracia which arc involred in tho simplest motor, sensory, or psychical 
apparatus must, indeed, he everywhere the same, and they are not alto- 
ther ample and clear even in ao low a form as the lan'a of the cycloetomii. 
That the solution of the problem might be more nearly renched, the 
■QthDr has endcavore«! to combine the oomperativc anatomical methad» with 
the study nt nerre-fihesth derelopment. 

We are now able to »taiu and to trace every indivi<lual nervo-sheeth. In 
foct. the comparative embryological method succeeded finally in finding in 
the rmhrj'o« of Ihe lower vertebrales the very simple relations sought for 
and to fix definiifly upon a number of nerve-tracl» ai common to all verte- 
bnt«e. 

Of the very greatest importance for our general idea of the ncrvoua 
tjnteiu were the discovcriee which followed upon the Qolgi impregnation 
method and upon the Khrlich metho«! of vital staining with methyl-bluc. 

Throogh thi? amplifi'-ation of the method we nre finally in a position 
to reach a clenrer understanding of the relations of the cells to each other 
and to obtain a more definite idea of the minute structure in general. 

To iheM methods we are indebted for the nio«t important discoveries 
nude in n-ccnt yeai». for the insight into the previously-unknown nervous 
^iBtem of the invertebraten, and for lletzius' happy discover)': that the ei*- 
Urt fMrrotu s^em of an imrerithrale may, under ctriain circumslancea, b« 
Mm iR ilt compM« (onntctioM. Through the excellent work of this in- 
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Testigator we have become familiar with the peripheral and central nen-oua 
Systeme of represent« tivce of numerous claeses of invertebrates. The vital 
methyl-hliie ataining, whi<'h mnri' than any other has made these results 
possible, is very perishalile, and work with it is dilOouU» requiring exact 
«tinrntioii of thw prnper liiin', ütf. So thi- propens rew-ntly taught by Beth« 
for fixing, hardening, and cutting the tissue etHined with melhyl-blue was 
wdcomrd glfldly. 

It is lo be p\pec{eil that the method in its present perfection will make 
Bi!>!e an especially rapid progreas of knowledge. 

The means to the end are many. For every single problem one miut 
always ash (he question: What method is to he applied that one will have 
to meet only tlie siinjilesl relations? Seldom will the study of the organs 
of adult man lend to trustworthy results; it will usually be neceeeary to 
creali? artifirinlly greater simplicity. 

From time to time it has l>een attempted to comprise in a schematic 
drawing what was known of the minute anatomy of the nervous system. 
ITie oldest schematic representation of the brain-trnct? known to the author 
is tliat of iJcäcartes, in ''Traclatu» <le Honiiiie," which appeared in iCüi. 
Among the older representations belonging to this claäs may be enumerated: 
schemoa of tht" B])inul üord W Köllikcr, by Ludwig, by Biddtr, and by 
Leydig, and Uu- renowned selieitia of Stilling. Tlie diagrams of Mt^ynert, 
of Aeby, and of Flechsig inclade a larger field, — from the spinal cord to the 
Coqiora Quadrigemina, — while that of Jelgerana includes the entire nerv- 
ous system. 

In the following chapters the reader will oft«n find in the figures and 
in the statcmenla what is really only a sort of sfhema. Such a method serves 
the purpose of presenting in the clcorost posable way the most important 
faeta regarding the nerre-tracte of the central nervous system. Xot only 
are lines drnu-n In rrpwseiit facts' wnn by purdy atiRloniinil methods, but 
also lo represent ihow» Irafis whifh eoiild bo determined by Wfll-oht.ervL>d 
pathological facts. A schema is not always a picture of nen'e-trsct»; it is 
often simply a graphic repre-scntal ion of the conclusions which may I* 
drawn from numerons obüer^ations. A schema is a tottering structure. Il 
must be repaired, sometimes here, sometimes there: or often in purl torn 
down and reconstructed. It has been contended that on« has no ri^'bt to 
eon»tnict schemata in o Held where there arc so many deficiencies as in our 
Icnovledge of the ccntrnl nervous system. But let ub join with the venerable 
Burdach, who wrote in 181»: "It is not ainre neceasnr)' to rollect building 
material. In ever^- period in which a new ma«« of material is collected we 
must start anew to erect an edifice. This giving of definite form to the 
knowlrdge will in no way retard the spirit of inquiry which leads to new 
diieovcriea; on the contrary, it is only when we get a comprehensive view 
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and behold tb« imperfections of our knowledge th&t wc know wlut direction 
future invest igationa mtist taki>. Mny the attempt at such struetur« ever 
be renewed, for no soch attempt fails to advance knowledge!" 
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KK eigniflrance and position of tlie central nerroiu system of th« 
Vertebra.t«a can only bt- iinci«rstood when one takes into consideration its 
dcvelopinent, ite HutioD to the p«ri[}heral nerve-endings, 4nd to the oi^as 
of special sense. 

The central apparatus stands in no wise so isolated or so separated, 
through morphological or pbjrsiologioal difTcrcnces, from the peripheral 
appiratiis as it vas, until recently, suppowd to be. 

Among both vertebrates and invertebrate); both systems are derived 

from the outer embryonic layer: from the epiblast. In vertebrates a port of 

this thin lamella forms a deep, longitudinal groove vhich, gradually cloeing 

in and eeparating from the remainder of the epiblast, becomes the tubular 

fundament of the central nervous system. Another part of the epiblast, 

(lying cloae beside the groove on either side-, forms the fundament of the 

rtpinal and cranial ganglia. Many widely-diRscminat^^d places produce cell« 

which, even in the higher animals, either remain in the peripheiT and form 

cutaneous sensc-orgajis or they »ink more or less deeply and form the 

fundament of other sense-organa; for example, the olfactory or auditory 

ktpparatus or the apparatus of equilibration. This relatively simple picturo 

-becomes somevhat more complicated in that many fundaments, vrbich 

among in vertebrate« remain completely peripheral, among the vertebratea 

lie close beside tlie central syittem, fusing vrilh it. It is further complicated 

in that, vhen the neural groove i« once clo(>cd, cell-groups wander out from 

il into tlie peripherv, there later to become independent and acallered 

jlia. 

The longitudinal, laminated, epithelial plate which curved in to form 

the groove representing the fundament of the central nervous system is 

pcalled the mtduUari/ plate. Very early there appear in it, in all classo« of 

iTertebrates, changes which lead to the formation of different kinds of cells. 

'Among the epithelial cells, and formed from them, appear the 0»rm-€tJU'. 

large, round, protop!a-<mic structures, — the fundaments of the future 

gan^HonolU. The axis-cylinders grow from them later, and still later 

numerous other processes arise from the cell-body, thus stamping the cell 

as a multipolar one. 

Epithelial cells remain, in part, as the boundary of the central canal of 

(15) 
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the ncrrous system Then in all vcrtebmtcs they M-nd peripherally a procrss 
which perstetfi until in ailutt life end which is usually Aomewhat hranchcd 
and end« cloeo Wneath iho pia. There one often mcete cunou» enlargements 
of the cctl-extremity, from which, as in the epithelial cells of the »ense- 
orgms, a delicate briBlle-like projection risce. In coan and the higher 
mammals the epitheliul ptxx«sses do not appear tu reach the pLTip1ior;tr in 
the pu«t-embnfonic jieriod. The epithelium of the central canal i» ciliated. 
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nut not by any mean« are all epithelial cells employed in lining the 
Central canal. Through ctll-diTirion there nrüc vcr>' raony new Btnictures, 
and one finds that theee recede farther and farther from the ccnlml onnal, 
with whoHc wall Ihuy often pcraain in connection through a fine fibre. The 
branching proceaaes of thee« cell« fonu a net-work which, in the adult, may 
permeate the whole eubslance of the central nervoti» system, l>ein^ more 
deoae in aomc locations than in others. Hi«, their diacoverer, called theeu 
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cells, which form a part of the frame-work, the Spongioblast ; he designated 
the incomplete ganglion -cells Neuroblasts. 

When the central nervous system has once passed its first stage of de- 
velopment practically the same histological relations manifest themselves 
as one meets in the adult condition. Let us turn our attention briefly to 
these. 

The whole central ner\-ous system is constructed of connective tissue 
and nerve-tissue. The first is represented by the sheathes of the numerous 
vessels, which permeate the organs everywhere as a dense net-work, and by 
the neuroglia. 

The neuroglia consists of an infinite number of fine fibrillse, of very 
different caliber, which permeate the whole central system, and, because of 
the innumerable intersections, present the appearance of a fine meeh-work. 
At many of these points of intersection thin plate-cells lie upon the fibers, 
giving rise to the appearance of neuroglia-fibers (Gliafasern) arising from 
these cells, — Deiter's cells (see Fig. 4, c). 

The neuroglia-net differs somewhat in diflerent parts of the central 
nervous system, and forms here and there dense accumulations in parts quite 
devoid of nerve-substance. Thus, a thick layer of nearly pure connective 
tissue covers the whole surface of the brain and cord and extends a short 
distance along the nerve-roots in the form of a plug. In the same way 
there is found on the inner surface of the central nervous system just under 
the epithelium an especially ricli development of neuroglia. The net-work 
in the gray substance is in some parts denser, in others less dense, than in 
the white substance. The larger nerve-cells are frequently so encircled that 
they appear to lie in a fine meshed basket. 

The neuroglia is a peculiar tissue found, as yet, only in the central 
nervous system, — except that the optic nerve possesses glia. It may be 
absolutely differentiated from other kinds of tissue by its peculiar reaction 
to staining when in pathological conditions. Wherever in the central nerv- 
ous system nerve-substance degenerates through disease, the glia (neuroglia) 
appropriates the empty space. The replacement with glia has a limit only 
where its elements are destroyed along with the nerve-substance and where 
its power of growth is not sufficient to fill up the large deficit. 

It has already been mentioned that the epithelium of the central canal 
and the ventricles sends long processes into the surrounding nerve-substance. 
In man these reach the external surface only in a few places. These fibers, 
an instructive figure of which is here presented (Fig. 5), belong naturally to 
the supporting tissues. 

In Fig. 6 is represented (E) a section through the neuroglia-net of the 
gray substance of an adult man as it appears after treatment with the 
Weigert method. 
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The real nvriu-tisuiK- whit-h fills the tncshi*« of tho fipiircd net-work 
coiMi*U of gftiigl ion-eel U ami nen'e-fiberg. The rorni of tlic >^njrlion-ce!U 
b exceedingly varying. There «r^ sratll. nearly-spherical forms with few 
jtrocGMe», and there are inul(ipiil«r cellii with niiuieroti» proce^es and twcni; 
timee at large ae the one;» just tle»cril>ed. lu the lobes of the \. vagi of the 
Torpedo and in the Medulla of the Crclostvniii «re sanglion-celU m» cnor- 
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Fig. S. — Epithflium mud iiruniglln ■urroiindiii;! the cimlrml i^iniil. S<«lioii 
Iknnigb tJi« tiiinal conl of ■ hunau culiryu of Lwcnlytlirvc t^eulinieteni' leti|fUi. 
PrafMucd li}- the Gol;t>CBJ«l nietlwd. 'Sitle Llmt nnl.v n pnrt of Ui« veils liave 
Ink«» Ik* Mx«t |>T««ipiUtc,— a markM advftnUf^ mmtloned thov^.—tttr oulj 
Dimuxti ibh U It punlbl« to rrmgnixc vhüt belong to nnj- »do «ctl. (A(Ut 
hnhomtk-i 



mma thot oDe itiar eAJvilv aec thom with the iiDaided eye. Indeed, in lh<^ 
apinal cOrd of The electric c*! — Mahpt'riirug — are two isolated ßanglion- 
cells of nich size that the immense single nerve-liber whieh eaeh sends out 




PIr. Ü.S mni B. Ctttn f>«tii Ui« tinterlor liom ot m humim «final ruriL 
Fiz(>d with »Irvtliol flDd »laini«) with nirtliyl-Miin. 1'. (Iaiif[ltoti'n>ll HskI with 
alcohol «nd i(jiiti<^ with IummtoTylin. I*. Ganglion-w-U fnii» «nirrior horn o( 
fcrtnl ilog fAftor nn nriglnul [trr|uinition hy ItanK'^n y CajnI.) rrr|inn>H with 
Gul^ ini-ltKMl. e, NvuraglU. {Attet »a orlgtnal prtfontioa by W'tif^n.} Nmi- 
roftlin-SWr« Uue; utUtryliiidcn Mock. (Afttr *d origitul |iT«|Mfilt»OB bj 'S!m\.\ 
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■uiliceB to inuurvate Uie large electric organ. Quite dilTerent appoaraucve an; 
obtaineil according to th« teclmitiue used ia the preparation of the gangliou- 
colU. ]q Fig. 4 ivo gangli oil-cells are represented i$ they tppear ufter 
treatxuent uitli eurmin and pK^riK-armin. Fig. ti {O) show» fi cpll treatetl 
MCCurdiDf; to tlic linlgi method in which the silver precipitate sJiowg the 
pTWvMat in a heautifiU wajr lM-fitn> unei^uatc«!. Of the Rtnicture of the cell 
nothing can bo s^-n. Stru<!tiiral %urrs, important in investigations in the 
rvolm iif palholi»gj, iire iinljr gotten in other ways. Fig. 6 (.1 and B) shone 
what micjcecopic technique hat; accomplished up to the pnisenl liiuc. 
Slany ^nglion-odls bear jiigment of yeUowisli-brown color, la the two 
cellfi figured tlu- pigment iff indioalM in doltMl black. 

The nen-e-fibcni uriginale from the ganglion-celU. Wogncr firet 
abou-vd that in many of llii»i? c«ll« oniif ont pr«ct«* may be followed directly 
into & nerve, and other investigator» hare confirmed it. This proce« i« 
called a Ni'iiriixoQ. an ,\Als-c_vlinder Proces», or a Xeurite. What beoiine of 
thoee neuraxona which did not pass into nerre-trunks; what rdle was played 
by the other processes of tlie cell, — the protoplasmic pruceeaea, or Pen- 
drftee, — remained in complete obscurity until Gerlach stated in 1S70 that 
oil these form among thctntelve« a net, and from thii there arise norve- 
flberc Again. 

In the coarse of the last few yea» our knowledge has undergone an 
unexpectedh' extensive amplilication, made possible by the progre8§ of Uis- 
tul(>f:ical and of hisio^physiological techniipie. Fir^t riellonci, through 
oamium staining, ttien still more conclusively (rotgi, through treatment of 
the cells wilh »ublimate or even with Bilrer precipitates, succeeded in dcmou- 
ftratinf; that from some celle the uenmon passes directly into a nerve-fiber, 
but from other ct'lU ueuraxons arise which break up into a net-work. 
IjalereJ twigs cotaing from those neuraxons which arise from the first- 
deecribed cells are suid t<> tukt- pin alio in the formation of this net-work. 
Golgi «uppoe«! that nene-lilicrii pasa out again from the net-work. There 
is then a twofold origin fur ncne-filK^rs: one direct, the othnr indirect, 
tlinxigh the means of the uet-work. The dendritic proccfscs, it is asserted, 
hnve nothing to do with the foitnation of nerve-fibers. Such were the 
reeiilts of Golgi's observations. 

What Golgi inferred from the study of numerous, eomettmas compli- 
cated, views of the brain-eoriux and spinal cord of roan and mammals, 
llaller was able to see directly in the ganglia of molluäks und wiiruis, where 
the histological relations are vcn>' d«tinct. But. according to his view, the 
it>work arises from cell-proceHses which arc esst-ntialty »(uivnlent one to 
lother. Through these studie«, as well aa those of Xansen and others, 
the proof fieemtd coriclueive that there «re two niodps of origin of nerve- 
fib«»: »direel one and one through the medium of a net-work. 
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But it soon became appanrnt Uiat this vutunbtc discovery had ooly 
Nopened the way lo other rmi<:Ii mnrc si^nificmit onctt: that it held only a 
I ol the truth. A Spanish scholar, Itamon y CajoU who worked with the 
Golgi silver method, published in cIom euKx'Msioii a eeriee of etiidi(>e who«e 
resuHe— confirmed and amplified by KoUiker, Gehuchten, Waldeycr, I-en- 
hossfk. and others — It-ad us to iipw views. We siautl yel in the current of 
changing opinions, receiving daily nev contriliulions to this interestit 
question. We can already picture to ourselves the minuter rciationa of the' 
element» in the central nervotis system. But this picture which is to he 
developed is not founded upon purely anatomical iDrestisation. At the 
iauiG lime tiiat hiäti^In^cdl pi-eparatinna broujjht us to the sow riews, iUe, 
on the basis furnished by embryology: l''oreI and Jlonakow, from studiea 
in the realm of pathology, came to n conception of the nrifpii and end of 
ner\e-traflU which nearly coincides with that reached by the anatomical 
method. Ketzitu finally üucc4*edrd, indeei), in demniistrating, through vital 
methyl-blue reactions on the living ncrvc-cella of many lower orders of 
animals, much which harmonizes well with conclusions from histological 
prcpanitions. 

The ganglion-cells usually send out two kinde of proceeeee from their 
bodies: a modorately-Ane process, the neuraxon, neurit*}, or axis-rylindor, 
which ifl first to dpriug from the cell; and the thicker dendrites or proto- 
ptastnie proceKses, which break up into &ie twigs. Tlie dendrites appear 
Mtmewhat late in embryonic development. The ncuraxons «Iwaya cud ap- 
pareutly by breaking up into brHnchcs. Two kind« of cells con he dilTer- 
CDtiat«d: 0) thoe« i» «rbich the pmcees is ra dmrt that the ramifications 
li«clo«c by the cell (l-'t^. 15^, <i) and (3) IhoäC- with long-cxtcndcd nciirasons 
(Fig. 15a, ii and /}. Along ita course, which Mmetimcs extend» for zoany 
eontjmotere, «uch a process gives off mora or leas Dumeroua lateral branches, 
or collaterals. Theao also end, like the main process, in üne subdivisions. 
Wc have long knoira that (he neuraxon of a uerve-ftber is composed of 
nnmerous ge]iarate fibriltiD. So there is nothing striking in the statement 
tliat alone the course of the nen-c individiud GhrillK branch off from the 
main trunk. Naturally, one hub very infrequent op|H>rLunily to follow a 
nenroxon with certainty from its origin to its end. Hut all that has been 
learned rcßflrdinff iho termination of this important cell-proce«, — what has 
been observed, and what hns beeii inferred from prepared $[>ocimOQa, — in- 
dicates that it, in truth, branehea out into fihrlUae at iu termination. If 
it p«s«e» out from the central system to the peripher)', a« i» the spinal nerve- 
roots, it rniiiifies in the muscle-tiMUe — mutur end-plates — or between epi- 
thelial cell* — plcxu«ea of the 6«n«c-<irgan». But n-lativcly few of the neu- 
nxon« pass to the peripheral organs. Vcrj- much tlie greater port of them, 
after a shorter or longer course, come into relation with another cell, graap* 
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iag it or suiroundiog it with iu lermtjuil ratoification (Endpinselung), If 
th« «ll-body ia not very lar^-. it 1im, iievt-rthclcsi*, abundant point» of con- 
tact throUKli it» uiimt-niiiB «U-inlriU-s; but, it it it vitv cjttcinlwl, tie in the 
c«ll> j>f the epiiial gaQglia, tlic dendrit«* ore Wm ucodcd. 

Tlu' (U'lidritic proti-i*« bivak up into o more- nr ie«9 abundant branch- 
ing, whos* Mirfaco iiuiy be furtluT increased by the presence of jjiQUmorable, 
Hnall, peduQCuIated knots (Pig. 1^12, /). A transformation of dmdritis 
fibers into peripheral (efTerent) nerve» ha* not been demonstrated.* 

On the [iliyt^iotoL'tLiil faiguilkaiiee of the dendriiea there are great differ- 
ences of opinion. Aceording to the author's investigations and from what 
nuy W Irariii-il fnim fit^urcs conlribiitvd by others, it äeein.« most probable 
that the dfudritw* nvprewnt an ütcrtas^ of surfaee of the •janiiiion-cell, which 
i» ahsnlulely nveasiary In insure intimate reUtioim with the »irrounding 
Hiwn of noiumxons (from other cuIIk). In Fig. Iß may bo seen (a) the 
tenninnl pnxx'M nf a »ensory eell of the olfactor\- epithelium posinig u an 
olfactory nerre, or fila oifachria, throiigli the eribriform plate and breaking 
np into trnninal ßbrilln? in (he olfactory lobe of the bmjn {»ee also Fig. 9-1). 
'ITiiur tiiriniiiul mmirieatione intimately embrace tlie dense dendritic fillers 
from the ^nglioa-cells there lo<»ted. Uere one e«ee the relation between 
the olfaetory tract of the first order «nd thoae cells from which art' developed 
the olfactory traut nf tlm seound onler, whose course lies within the nlfaotory 
lobt. The connection is here established only through the relation which 
the neunuon uf oni* i-ell Iwiir« I» Ihe dendriteü of another. 

Dcndrilfti nnil neuraxons do not «IvraTH pan« nlT from the cell-body at 
dUFerent place» Among the vertebrate» one may often notice that the 
r«ll sends out a pmcem. that appears tjuite like & dendritic proceea, from 
near the origin of wliieb a neuraxon branohee off. Among many inverte- 
hrat«« this is, indeod, the rule. In the river eray-6eh, for example, the p«ar- 
ahaperl ganglion-^vlU cend otil usually one thick braneh from which the 
dendrite» brnncli olT laterully and the ueuraxou develupn farther on (Pig. 8). 
Here appear» to be a condition which indicates ibut the Iwo kinds of pmc- 



' Tlw nujtt rwenl wrillng« of Amoriaui nmirDluglat« abow a f rac(ii-ul unanimitj 
in till- at- of till- trnii ^nuirllf for tk« BfTervnt «oll-prorcmeo. und A'cirrajwn, A*0»*, 
vt Artirffr for tlir rlTrrrtil i-ril-[TUPf wt In n «Mt niKJorilT nf cuts the dcudrlt«« 
u« »hört. probaplMini« pnirr**«« «tniHiinillj-, K-hilf> tho nouraxon w a Inn; ncn-n- 
flliCT having tlir nlrncture ilMnilml uaunlly kn an Bxin vylin<lrT. V'ispi- 10 nml II) iiuk« 
It «vident Ihat the aCTinnt «naory iwrre-tlben are driunik-ally to lie clmtoiflrd willi 
th* 4«*drit««; marMtMr. llttlr d«vdafim«il iadic*tm * nimilar ttiing. ThfM- nlTon-nt 
«viMry nrt^r« srp Minirttimlly axi»oj')hid«ni. lu ordi-r to avotil anibtf^uiiy and cob- 
tiuliMi Id tbi* tratiKlaiiiin. Uir Lenn iwHrvron will Iw iinirnrmlf uM>d (or UtP (•(Tomnl 
c»ll-|irocww. If tlie l«rra iui»^c]rlind«r ia u»«d it will Ir« und«<rttood to «pply MricUy 
to tkm BtnutniT of Uic «tier.— W. S. H. 



eeece of a gang) inn-cell are not at all abeolutdy und fundumculnlty ctiffcrent 
from «ach other. 

The «Itvflnpmeütiü unit — which compriseB ganglion-cell, nonraxon, 
dendritL's, »iid tliL-ir niniificalidnp — is t.-alle<I a near»«. 1\ is probabli* that the 
entiie nyrvoiis sjatfiu is conipo«-»! of ntimcrous ueiironj*, built one ujjon 
annthiT. The inajWity tif ihcsr nt-umns ii])]H.-Br to stand isotiited, only con- 
nected to nuiglitxirinK neurons through a contact so inttuinte as enajly to 
make piiAsilile the Iransiuisflion of phiisiologiral proewsc*. Purely uiorpho- 
logicfll »tudieii hi:rc Iftii) to no con(-h»<ion£. 

The labyrinth of fibers found in almost even" part of the nen'oUB »ystem 
and the imceriainty of our pivsent moihud* admit loo ofteily of faUo conclu- 
sions; but Ihe observations of expimmeutiil |>aÜiology and of pathologiwd 
anatomy all teach that, if ii ganglion-cell he ditiuaaed or injured, the change.^ 
will nut be priipagiited farther than the processeit of that cell reach. This 
18 demnuutnible on the a si.s-c-y linder of a periphiTid nerve, vrhicli can often 
be studied tiirougli many eentimctere of il« course. Its condition ia abeo- 
lulely dependent «|>oQ ihc condition of the cell from which it spring*. 

Tht-w cireunigtance« &I»o indicat« that each ganglion-coU etnndä 
isolated, — not directly joined with any other. It must be mentioned, hovr< 
ever, that eongeiyntions observer» have repeatedly deaerihetl links of con* 
nectioD between ililTcrenl eelU. 

These art- fundamental facto. They will be better comprehended after 
a review of what ia known regarding the origin unJ courw of a single, 
thoroughly studied tract. 

.Many motor nerves arise from large ganglion-cctla vhich He in the 
ajiterior horn of the spinal eorfl. From raeh of the»e celU there arises one 
neumxnn. It pa¥«e« out of the spinal cord rf a nerre-rool, and then paxsm 
into a nerve-trunk, within which its conrw lie« until in 8 muscle it branches 
off to the end-plate (Fig. T). 

That part of the syslem wUich reaches from the periphery to ils Urst 
ending ju the central ny«leu) i» dcäignated aa a fraet of the first order. Theee 
trade of the fiist order — in this v&bq including anterior hom, motor nerrc, 
and musele-euding — liav« been, liecaitse of tlieir pet'uiinr ndation in diiicn^e, 
for years cln-'ssifted together in patholn^ aiid scpanited from the tracts of a 
higher order. 

The further tmiiRniission of the nervous impiibe takes place in thi» 
miuiiicr among tin- iiiairiiiials: lo iracte of ihc first order connect tracts of 
the second onlrr or even of the third and fourth in succession. .MI coni^iet 
of üiese parts: ganglion -eel I. neuraxon, and ramification. Ii we turn lo the 
ehofiun example we find that, around tb« nuniernus dendrites irbti^h (he 
ganglion-cell of the aolerior horn sends out, there arc many fine ßbrillie. 
These fibrUlu! surround Iheui without, so far a« we knew, coming into 
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actual contact with them. These fibrillte are in part collaterals from a tract 
which we know from observations in pathology passes from large cells in 
the brain-cortex downward through the brain and spinal cord. ITiis tract 
— which eonsiets again of brain-cell, descending nerve, collaterals, and 
ramifications— is adapted to the establishment of a connection between the 
brain and the end-plates in the muscles; it is the central segment of the 
motor course of innervation, or, at least, a part of it. This is the motor tract 
of the second order. How many of these units are involved in a complete 
motor process is as yet unknown. In Fig. 153 one obsen-es that the ramified 



■.>■ 




Fig. 7. — Schematic reprcsentutioii of the relation of gAnglioO'Cell and 
nene in a niot«r tract. 



neuraxons of other cortical cells surround the dendrites of those large corti- 
cal cells from wliieh the secondary motor tract originates. These represent 
tracts of higher order. 

Work on the inner structure of ganglion-cells, for the revival of which 
we are especially indebted to Xisel, has not yet led to conclusive results, 
especially because the significance of the fine lines which appear after treat- 
ment with sublimate, alcohol, and basic anilin stains is not yet clear; also 
Iiecftusc it is not yet always certain how much these structural features may 
depend upon the influence of the reagents themselves. Nevertheless, the 
work of Nisei, who especially advised fixation with alcohol, has led to very 
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unportant results already applicable. In the body of all gangliou-cella one 
finds, after fixation with alcohol, a substance which stains with basic staina 
and a substance which does not. The first appears in dilTercnt cells, and 
probably in different conditions of the same cell, in variable structural 
forms. One meets granules, threads, and spindles, as well as many other 
regular and irregiilar forms, of which only a fow arc, throiipli position or 
form, «ell characterized {Kernkappen, Verzweigunfjsl-tfjcK u. 3. ?('.). This 
Btructura] arrangement differs so greatly that Nissl has, within the f/angHon- 
cell genus, separated out a great many different cell-cpecies. According to 
this author, definite differences appear also within the nucleus, which he 
utilized with the other characters in differentiating cells. If the Kanglion- 
cell suffers any injury — be it the infiuencc of a poison, of unwonted activity, 
or of a divided axis-cylinder — changes always arise within the stainable 
substance. When the injury is intense tlie changes may lead io an almost 
complete disappearance of the stainable substance. Itut if the nucleus re- 
mains uninjured the integrity of the cell-substance may be rostorcd. 

The study of this cell-change is of the very greatest importance. It 
opens to us finally a glimpse into the inner changes whirh ])rore(Hl during 
cell-activity. 

Hodge, as well as Nissl, has done most credilnble work in this (tcld. 
Hodge studied cells fatigued by direct stimulation or by stimulation through 
the medium of the axis-eylindcr; also cells in the cnnditinn of fatigue, — 
ganglion-ccHs of bees after the day'rf work, — comparing them with rcetcd 
cells. He found that the stainable granules alwny« dciTi'aHcd; that the 
fatigued cell became more translucent; further, tliiit it oven bccnnn' vnt^u- 
olated. At the same time the volume decreased. On (he laut jxiipit. how- 
ever, there is no unanimity of statemonf. 

These differences are conditioned upon tlic jinwut Htiilc of the tech- 
nique. Complete unanimity of stiitcnieut existH ou tlm rdnlinn of tlie 
nucleus to fatigue. This always deoreascn in sixi-, ln-conii'« irrriilcd. and 
takes a darker stain than the rested nucleus. 

Within the unstained substance the latent invf!<ti(((ilii>iiH by llrckiT, 
Flem m ing, Dogiel, el al, have demon »trat cd a dcliciitc llbrilliiird Mtnictiire. 
The appearance is as if each of the larger o-IIh Ktndicd were friivurHed 
in all directions by long, delicate llirends, which jhihh in jumI mit with ihc 
cell-branches. Further, such threadu do ii'M nhmv* tnivcrnc llic entire cell, 
but pass out again into that brancli localcd next 1o tlic imc by wliirb it 
entered. Becker demonstrated this in llie (■cIIm of llic milcrior lutni. Only 
the improved method made the prewmcc of thcHc (iljrilhc ccrliiin, ('iwt«ibty 
they will yield a foundatiem for a bctt^T knowledge of llic rnmliiui of the 
ganglion-cell. Max Schultz« drew attention to them. !iowc\cr. rniitiy year» 
ago. 



2fi 



ANATOUT OP TIIE CKNTBAL XnnrOL'S KVSTEU. 



On« Itwke upon th« ganglion -cells and their branches lu elements which 
bear the function of the ccnlral nerrou» system. Even in vcrj" low-raaked 
jininials thvy ippi^nr isolated or gathered into knots: gnn gl ion-knots. Ac- 
cording as the«! ganglia lie isolated peripherally or collected in a particular 
BJTangrRK^nt and joined with each other tiy nerve-tninlifi they are classified 
aa fieriphfral ijanylia or us antral ntrtou» sifsiem. In general, it is recog- 
Diicd that in the animal kingdom tliere is a tendency toward the gathering 
of many gangha into a single nervous syetein. The higher the i-ank, the 
larger is this eyetem; but nntil the vertebrate rank is reached there are im- 
portant ]iarts uf the nervous system always moru or less se[)anited and 
functionally as well as anatomiciüly more ur tats independent. 

Physiology shows how not only the individual ganglia which lie in the 
intOMtiDcs function with relative indejicndence, hut how even .-itnictures like 
the spmal ganglia, frci)ucntly reckoned in with the central system, still 
«DJoy relatiw indc{H'ndence front it functionally. 

KMiat we know of the anatomical structure and of the functions of the 
evntral nen'on« eyxtoui of vertehnites forees us more and more to the couclu- 
fiions (I) that even individual parts of the central System are themselves in 
A pottitioD to function to a twrtain extent independently, and (S) that even 
Ihc brain and epinat cord of vertebrate* arc compucM-d of a series of «oitcra. 
Whether the one or the other of these ia more highly developed, whether 
they arc in conneetiim with deeper centers, und whether they have con* 
nectionK among thcmi^ivcB and with higher centers determine the meadirc 
of the higher or lower development of the central system. "We will find 
later that, in the course of the development of a class, individual «enterB 
eonni'etttl uilh Iheri-nlral nervous System have reached a high development, 
while olhera have arriv«! at a eeruin stage (or reached a certain type) 
where they remain stationnrii' and throughout nil suhset^uent poetcrity re- 
main everywhere alike. 

One can conceive that in its essentials every nervous system is com- 
poeed of afTereni tracts and efferent tracw and of tracta which form tlie 
connections of the elements among themeelvcs. 

A good insight into tlie complete structure of a single ganglion may l)e 
gained hy a study of the opposite figure (Fig. B). It represents the entire 
first «hdominnl ganglion of the ventral nerve-cord of a river cray-fiah, and 
owing to the cMm|iarative simplicity of the relations permits an insight into 
the details. We have here n sort of schema of u eeutral nervous eystetn, and 
gain at onc(7 iin outlook over »n entire mechanism adapted for the exercise 
of the functions of a central organ. 

Tfae nervous ^Tsteni of a cray-fi«h, like that of nil arthropoda, consists 
of a gTMit number of separat« ganglia, which are united together by longer 
ur shoiter comuiisnire«. From the various-sized nerve-cells (d, c, j) there 




Flg. 8.— I'lnl abdominnJ gmnglion of the rnnlxnl iierve-curd ol AiInMt» 
fluHifItUa. Livin},' IIhup Maiiirtl ulth iiii>tli> t-l>1ue. Xcrroi» liwue onljr U 
etain«*!. Signifloaiir» of \arftr Ul>rr>i Kf ii»l uiuloiiitood. M n O. Sin^« ccJI fnxu 
the gmiiclb». Feripherr urrrrm. Perl |ilii.' nil ncrvf. f^fii;r(iir Z'Hr otM licwi nitM|i- 
UoWj a singt» cell rroin Ihe gM^livo. TurthT i)pii(Ti{iUan in U'XL (Aftfr K^tziiia.) 
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tiiaw alvajB a nogle immense branch, which after a short course dirides 
into one fiber, which, at the pt'riphcrv of the ganglion, passes out as neu- 
raxon, and one fibvr, wbicli rumaina wilhin thp ganglion, rapidly dividing 
inlo twigs. Tlic DCuraxoD paows either direct (Fig. 8, t) into a nerve, in 
which CMC it üi imihaMy of motor nature, or it pasee» into a commissural 
norrc, which joins with tlie ganglion, with thofie located farther anterior 
or posterior, as is the cue with al! neuraxona from the very large cells (Fig. 
8, rf and f ). The neuraxon mtiy [>ii«e along tht same side (d) or it may crof» 
over lo thv opposite side (/J. From Hit' neuraxon the dendrites branch 
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ng. 9. — FroD> 111« cornu Ammoaia dI Ik« nibliii. A, OompMlte figure from 
prv]i«ralions by S, It, f OJal, A, h, c, AsMwiulion i-rlU who«» lon^ iMinucAai 
ajilii up into idom like twig*, «hicli itirado the bycr of pynunidul cells (<1). 
Al Ih« l*ri i« m PODiplAtflyilcHebed pytmnidal nil. Tlirougli lu dctemdinx 
ncFunuEon >l U in reUtiun Mitb Iho "bnÜD-iritli" oad llirough its ucendiiig den- 
drilM it i> in nUtinn irilli iiLhcr Ny*Uniii ami onlt* not flj^ml. Throufiti Llui uao- 
clatlon-MlU nikjiy p^ramidiU cells nr« brought into oambinatien. 



ofT and pass into th« substance of the ganglion. Id their finer ramiilcatioDs 
they an- well adapted to connect together the aeparate elements of the 
whole giinglion. ^ 

In the fine nfit-work which they form, appear nerve-fibera which come 
either from the periphoral-«cn«orT nervo« (2 a), or come from other ganglia 
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(I, i). Note that tlic nerve-trunk (2 a) uontains n«rve-Cl>ont which pass ioto 
the gtngUon and tboec which comv from other ganglia of Ifau tame side or 
th« oppofltt« side. Uo^ many po«$ibilitic6 of aesociataov are gfiven in thi« 
simple ganglion I 

Every cell and every fiber can, Ihrough tho profttgo ternunal ramifica- 
tion, come into relation with innumerable other celU and Sberg. Besidea 
that, moat ceUs stand in combination with tracts from distant cvntur« and 
also frorn the periphery. 

There are uIbo cells — already demonatratcd, at any rate, for all claasM of 
T«rt«bratea — which «land in no direct relation to the outer world and are 
adapted only for joining one central cell more intimately with that of an- 
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Fig. 10. — Isolated n>crv«Hl>»r« from th* spimal rord of a dcg. in, Axia- 
cylinder, mg, UedulUrjr ihMtli. <j, Oulcr «tieath. c, Nuclcun atul [irolvplkMn, 
to be Men OMuiooalljr aa th« turface uf fibers. (Aftvr BflorieT.j 

other. These tx\h are called Attocial\on-ttila. Sucl» cells are rery widely 
diflseminated. Xowhere does their significance become more readily clear 
thunin the comu Ammomr. a portion of the oUftCtorj' cortei. Fig. 9 shows 
fl BL'ction through thiit portion of tlie corl«x. 

Below the layer of large pyrumidal cells, which make np the principal 
cell-laTcr of thi« region, note the small cell.« which send their netiraxons 
near to the pyramidal cells or even through the layer, after which it diridc« 
into fine tranaverse branches, from which great terminal ramificationa push 



30 ANATOMY OF THE CENXBAL KEBV0U6 SYSTEM. 

in between the pyramidal celU from above and from below. These terminal 
buahefi (Endbäumchen) are well adapted to join together the elements of 
the layer in which they terminate. 

The nerve-fibere of the brain and spinal cord are of very varying width 
and in grown mammals probably alt arc provided with medullary sheaths. 

Every neire-fiber loses its sheath of Schwann where it enters the central 
system. Only a thin layer, present even in peripheral nerves and &rst seen 
by Banvier, covers the axis-cylinder within the brain and spinal cord. 

These are the elements from which the central nervous system is 
constructed. 

In a general way, those parts which are composed principally of 
medullated nerves appear white (white substance); those in which ganglion- 
cells, axis-cylinders, and neuroglia predominate appear gray (gray sub- 
stance). The gray substance is more vascular than the white. 



CHAPTER III. 



CsxruiiL Or«an and PsRirsBBAi. Nebtes (Phtsioloqical). 

Kext to a knowledge of tlio ganglion -eel Is, nod of tlieir grouping to 
form «mailer or krgor centers, the most important queetion is: What is 
■kDown of lliLttf [-uIU phvKiuIo^icHllj? And. first of all^ vre know tliat n 
motor nerve loses its fuiit-tiuu whvii si-parated from iU cell of origin, and, 
too, that destruction of gray matter, m vrliich sensory fibers end, deatroys 
their fnnction oe well. Wo know, further, that, by irritjition of the «ell* 
in whi(;h a nerve end«, we eon produce all the phenomena which arc ordi- 
narily observed in the normal perfonoance of it« function. Tliie fact 
alone has led to the deduction that in (He ^»^lioiKilU and tkeir intet> 
rtlaiionshipa tee have Iht basis of nervous acUritti. 

Numeroiui experiments liarc demunsjrated that a sensory impTessioQ^ 
which, comin;; from the penplicry, t-ntei« tht; aene-cenier, may then' exciio 
cells of oriipn ai motor fibcn^, and briuK the t-nd-ori^ans of tlie latter, the 
moaclce, into activity. This process is well known aa reflex action. The 
examination of such reflexes led snbecqnently to the additional very inter- 
esting datum, that the sengorj' impulse does not always immediately oxcito 
a motor discharge, hut rallier that a certain intensity of the original irrita- 
tion is necessary, although a feubte irritatiuu. if conliiiiied for a time, may 
finally excite the motor apparatu». The theory is 1h«t •jangliou'CtiU Aaw 
the proptrty of storing up and retaining irrilatitna eoming to them until 
the' a'Tcunmlatttl irrilatitM is too grtat or »omt nttp irritation arrives from 
tome other dirtctinn, tchen tkof suddenly diseharge. 

'j'he small nervc-rcnter of the crab, already mentioned in Chapter TT, 
receives many filers from the periphery, and «?nds ont, from llu' largi» cfUa 
it contains, large (iliers to the muscles. .\ glance at it and at the accom- 
panying figure shows thai a given irritation never affects one cell only, bat 
rather that an imprf^inn. which is conducted fniiii nne point in the pe- 
riphery by a einj^le fibt-r to the nerve-center, may thert^ "charge" a large col- 
leetion of motor-cetls. The Rubseqncnt discharge in like loonncr excit« 
not JHBt ono motor fibpr. but. neeordinp to the anatomical relations of the 
motor cellB, brings nn Ptitire system of miisole* into contraction. In this 
wine i« explained (Exncr) how a ringle Retwnry imprewion may lead tn a com- 
plicated movement, in which many ditTercnt muscles may take part. Vliliat 
kind of motor reaction occurs from a eeneory impuW depend» upon which 

(SI) 
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of the Benson- nerves are irritated, and especially upon the relationship 
between the cells which form the motor apparatus excited. There is much 
evidence in favor of the view that such relationships, uhen once established in 
the course of evoJuUon, are afterward inherited; so that the structure of a 
single nerve-center is practically the same for each individual, and that, 
throvgh this inherited apparatus, numerous apparently complicated actions 
are made possible once for all. But there are experiences which teach that 




Fig. 11. — Seheiiia of a verj- simply constructed nervous apparatus, coni- 
prieiug motor and sensory nerve and cenler; adapted for explaining the simplest 
reflexes. iB, Sensory cell whose dendrite brings to it inipreaaions from the skin, 
while it« neunte, or neuraxon, pasae» to the nerve-center, wliere it influences li 
and .^. M. Motor cell for the up|>er muscle. A, Association -eel I which transmits 
stimuli received by ^' on to .1/', »here it takes etfect either aimultancously or 
subsequently. M', Motor cell for the lower muscle. 



in certain portions of the nervous system constantly new associations are 
heiii'j formed by exercise. The central ner\ous system would, then, consiet 
of one part, which is congenital and arises from the primordial racial exercise 



(PHTBIOXOGIOAL,). 33 



(pliylogcnctic), and of other parts n^hich, only by use during the pcreon'l 
Uio, dcrirc their r«lationehip8 (ontogcnetio). 

ConguDital mechanisms are found in all parts of the nervou« system, 
but obeerraliuti of movemeatfi of embryug and infants shows that, at iMSti 
in respect tu thu nervous apparatus comieel«d with the vegetative functions, 
as in the »ympatiietic and in tht- lurgv tcn-itory of the spinal cord and the 
bulb, euch mi-chanunns predominate. IVubabl; to these may be added a 
large part of the midbrain and Derebellum. Comporalivc unaluiny tvaches 
that, up to the higher mammalii, the apparatus lying anterior to these parts 
aro capable of still greater variations; and observation of the corebnil cortex 
in m [tnrtieulir develop uieut specially shows that here, in cases of ilKU-_ 
viduals, now patlis may, by practice, become fixed. 

In so far as motor phenomena are considered aa the result of Irritations, 
the nccMBBry apparatus is failed the moTeinent-complcx. This word was 
coiued by Kxner, to whom w are indebted for un excellent review of many 
of the related facts. One should not imagine, however, such collections of 
ganglion -cells as entirely simple. The majority of movements requite some 
time for their c-xcciUion, during which numerous other muscles may eoms 
into play beside* those firet concerned. There must, therefore, be paths 
leading fro]u one collection of cells to another, the latter group being 
affected by the irritation only wheit the action of the former is ended. 

Such processes arc known (Gxner) as successive mnvemcnt-complexea. 
ExQcr determined from physiological ubfierrations that, when one euarchca 
carefully the nervous system of the inYt.-rtebrate8, one may easily find 
anatomical scries, which, one« meeting with an irritation, may discharge 
successive movements in perfect order. Eepeciolly Ilic nervous system of 
annulata — for example, the earth-worm, which vo understand well since 
the excellent researches of EetKius — shows bow, from afferent sensory fibers, 
first a single motor cell-group is set in action, and then, tlimugh the proc< 
eases of large association-cells, the impulse may he tFanamiiied to the next 
gunslio« (Fig. it). Be«dc<*, every guuglion contains other motor cells 
vhoec ncurasons do not connect with the nerves of the corresponding meta- 
mere, but which end in muscles that arc anterior or posterior to this. So an 
impression, which is received by an animal in any part of its body-surface, 
may bring into action first the muscles of that part, and then also those of 
metameres lying anterior or posterior to it. When such a succcesivc move- 
ment has once bcytin, another cteuieut cnlcrs in to i-cgulate it. With the 
changing fiosition of the muectes and limbs, clian^> also the sensory iin- 
prcesioQs received by them. Consider the above-mentioned earth-worm. 
The miiscl« of the first mctamerc contract from irritation of the apparatu»| 
of touch; perhaps, ton, those of the weond. Bat by rcRSon nf these eon» 
troctioas other portions of the integument come into contact with the 



S4 



ANATOUT OF THB CENTRAL KERTOUS ST8TEH. 



ground; new impulses are excited, which pass to still other ganglia; and in 
this way the contractions may extend to include farther metameres; in 
short, an irritation affecting one portion of the worm's body, provided there 




Fig. 12. — Several ganglia from th« ventral cord of an earth-worm, — Lum- 
bricua terreatrU, — ehoving the elements for Rucceuive movement-combiDationB. 
(After Retdiu.) 



18 the necessary co-ordination of movements present, brings the whole 
animal, in a purely reflex way, into motion, — crawling. Indeed, this crawl- 
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iog may give the impreasion of an extreme effect in proportion to the 
irritatioD. If one tumR a sea-urchin on ito back, it begins at once to lay 
hold o( the ground with the long suckers which cover its whole body. 
Each arm, however, contracts inetantly, when it touches the ground. The 
almost egg-ahaped animal is thereby more cloaely drawn t« Ihc sn'unJ- 
TTien a peculiar thing happens, as Romanes and Ewart have well dvscribcd. 
At one place, no matter which, apparently, the arms are more strongly oon- 
tractod. Immediately all the others lose their hold, and the animal tnn» 
toward that eide where the stronger contrnction occurred. As a result of 
this, other arms are brought into contoct with the ground, and they contract 
in turn, and the pmrpss is repeated until the sea-urchin «taods upon edge, , 
and then new pedicels come into action and finally hring the animal into 
its normal position. Here we have a purposiTe moremeotr apparently prac- 
ticable only through minute c&re and reflection, which may be explained 
by simple reflex processes; by the contraction in the muscle« of the am- 
bnlacfat feet following excitation ot their sensory nenres. That Ihc move* 
ment is a regulated one bedpeal;» a combination of the nerres of the am* 
bnlacral feet. But in thia simple experiment appears a new faculty, which 
until now we have not mentioned among the properties of the centra] nerv- 
ous upparatue: the ceasalinn of motion when once the animal reaches a 
position of rcet. There mu5t here be introduced an inhibition from the 
center, otherwise one could not understand why the oea-urchin should not 
keep on turning until tired out, fiincc even in the normal position new anna 
are always coming in contact with the grQiind, In fact, it i» a property of 
nerre-cenlers, everywhere recognized, that they are not only able to excite 
movements, but also to prevent them. Tlie mechanism is not yet clearly 
understood. Doubtless snch inhibitions arc propagated, as arc the move- 
ments, from the ganglion first excited to the othera. 

It would be very alluring to follow from tht-sc first ideas further along 
the «vent« in a given part of the nervous system, or to ecc what takoa 
place in the internal nervous arrangement in the prodnction of A given 
complicated actio». Itowovor simple, though, may be the most primitiTS 
norvouB appanituif, reganled anatomically, such views are misleading. 

As the simplest central nervous arrangement, we can consider tliat 
which is made up of centripetal sen-iinry and centrifugal motor fibers, in 
which it ii agreed that Ihr ends of the seneoiy nerve are in contact directly, 
or through the mediation of a second cell, with the cell of origin of the 
motor nerve. Such simple comhinationi} are widely found in the inverte- 
bratoa as well as in tlie vertebrates. They occur partly in the sympathetic 
ganglia, partly also as direct reflex-paths in the central nervous system- 
Aheolutelv isolated, «iniple reflex-centers are not yet known, but even the 
■mAlIest are in connn-tion with others similar to them. Such a center is 
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8MD in Tig. 11. But flII the celts nre onlj BÜghtly dependent on each 
other, Win^e:, for a Urge part of their function, whollj independent. As an 
cjomplc of such ifolated reflex action, wc hare the movements occiirring in 
tho musculature of a portion of the intestines remoTed from the body, vluch 
take place with entire regiUarity, when irritated on ita niucouA inemhrane. 
The influence on ibeee short reflei-arcB, irhich larger and more extensive 
•ice have, ia well known; soch, for example, as those passing through the 
^nnpathetio ganglia und the »piuHt nerve-roots. Tlieso fonn new neurons, 
which are connected with tho&e uf the intestines, influencing, exciting, and 
rcfitraining them. 

TUB riÜRirilERAL NERVES. 

All eiaminitions of the vertebrates liave shown that the motor nerve 
■riMB from a large gaDgHon>««Il, vhich eenA» out ile neuraxon to a miuola 
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Fif. 13.— Scriian of Lite apiiuU vunl of n liiinuui nnbrya of (tie fuiirtli wrck. 
Not« VMiliall} tite antfrior or motor root developinf; from c«lto ol tk« card. In 
tb« donal portion (four and ooe-haJf Mceka) lli« tctuurj' root grows in frotn cella 
of tb« qniuU ganglion. tOoatnned from ftgurM by Uia.) 



vherc it ends hy dividon. EverTthlng that haa been ob»en-ed with in- 
vertrliratni indiratcs that there, also, this is the case. On the other hand, 
with invertiliniüs the direct observation hua been made of aerve-fibeni 
originating in ocU« in the akin, eeneunr nerve», passing into the central 
organ, and ther« ending by free oxtrcmitice. //is has made valuable ex- 
unioations along thi? line with vertebrates (Fig. 13). 

In embtjDS of vertebrates the oentral nervous syHtem, as is well known, 
prewmts, in the early stages of development, a canal. Uts determined that 
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the fibers of the periplieral nerves liave two t|tiite-difT«reut origins. AH 
motor fibers arise as axis-cylinder proccwtw, or ncur&xons, from the cfUs 
lying in the ventral portion of thit> cunal. Kach cell sends out a Sbril 
tovArd the surface, nnd there the fibrib) approximate each other to fona] 
Ventral nerve-roots. The &eneot7 root-Sbere, wltich arise mainly doruil. hava 
an entirely dÜTeront beginning. They proceed from the ganglia which 
lie near the eord throughout ite length, and not from witliin tlie cord itself. 
From the cells of these ganglia (spinal ganglia and ganglia of the cranial 
nerves) fibers giov in Im-o direütiona. One set eutera the central organ, 
the other grows toward the pcnphery as sensory nerves. 

In the vertebrates the cell» of origin of most motor mrrvcB, especially 
thofie supplying etriated muscle, are in the central axis. They have already 
b«*n considered as forming good example« of the superposition of different 
nrarons. But not all of the motor noni'C« arise in this way. Scattered 
thlOQghout the body wo tind ganglion-cclle, whoso axoitee end in the noD- 
etrioted muscle-fiber« of tlie blood-vessels, the intcatines, the heart, and 
other Tiflcera. These cells, nsually claaaod as belonging to the sympathetic, 
must be regarded as motor cclU, becaui<« on their normal supply depends 
the inherent power of contraction whicli these organs poeeeea. They lie in 
many location» — for instance, in the intestinal wnlU and the heart — in 
relatively close contact with other axonce which nrige from other placM, as' 
from the spinal cord, etc. Here, too, then, in the «ympathetie there are 
motor path« of different orders. We have seen that in mammals a largs 
ehare of ihe secondary motor paths resch, in eome way, to the organs of 
oonaciouanees. That ia not true of all these tracts. It is better to consider 
tlie motor centers, the central and peripheral sympathetic as capable of in- 
dependent action, and to determine in each case how far higher nerve-tracts 
associate themBelvcs to these, ond how tar highnr nerve-centers can affect 
their action. With mammsb all the striated muscles ore innervated from 
the central organg, and only the Rmooth muscles, as well as those of the 
heart, are to some extent independent of them; but with the lower animals 
there are also, in the periphery, many ganglion-cells for voluntary muscles. 

The gcneorj nerves m vertebrates are mainly outgrowtlis from tlie 
cells of the spinal ganglia. Tliey ol&o split up when they arrive at the pe- 
riphcr>', and end either freely in the epithelium or in some modified 
end-oppnmtu.i. ti^iiully an epithelial structure. Aside from the ontogeny 
of the senKory nerves, much of interest is known of their phylogeny. 
As is well-known, the outer covering of slightly -developed animals, as the 
coatenterat«», among the onlinary epithelial cells, presents still others 
characterized by their arrangement in groups and by the poseccsioD of 
a long end-filament, which sinks into the nervous system. In the whole 
list of lower animals it is a frequent occurrence that cells lying in the 
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U9U aliown <Io «ot tMtiat fu Aay jnritcular anlnutl, but KprMcnt ratlivr Ihe 
priacipW« dH«niiUwd from & romiMniUvc study of ntany Bnitoals, and orr in* 
InuJuoMl lor th« eluvidstion of tbe text Not« th« motor and aeiuory nem^ 
|ivrl|>hffmU; tod wutnlljr totaled Cfilir«, and the <>ciiu«tioiw rcfvcwnlfd- A, 
B, C, and D IndicKUt Hut th« tract b one of 1, JI, IlL or tV onter, raiwcUvel]'. 
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«Cloderm un joined to the neighboring nerre-cent«« by euch fibers. Their 
pMition in the cpidcrmig indicates thnt thin is a part of the sensurj ap- 
paratus, and all doubt« about this being true diwijippar when one recog- 
nis« how frequently these cells are in relation writh structureg adapted to 
the recaption of special impressions. Long, stifT hairs, svin^ng brushes, 
projecting- horns, seem easily able to communicate tactile impreasions, while 
one may und analogous cells arranged to form tlie watU of a cavity, in 
which a pebble, an otohth swinging inaide the cavity, repraeeota the sensory 
apporatua for maintaining the equilibrium. Lcntiform parta of the ccto* 
derm lie in other places in front of such cells, and are well adapted to 
transmit rnys of light or heat to these cplls in a peculiar manner. It would 
scarcely be penible to describe all the manifold arrangement» which fuiic> 
tion as senaory mechanisms in the invertebrates, but it must be emphaMzod 
Ihat between the simple epithelial cell of the ectnderm and (be highly 
dilTerentiated apparatus are found all tranäitional fonnfi, and that in tba ' 
moet highly deTelop«d this same type, the epithehal cell with a filameDt 
extending inward to t)ie nen-ous system, reajipean!. There is one place 
where one may ßnd a large number of intermediate forms in a limited spacfl,' 
Tanging from a simple epithelial cell connected with the nerves up to the 
more complicated seusv-hillocka. It is the skin of » transparent snail, the 
pterotrachea. The connectiun of epitlielial cells with nerves leading to the 
ci'ntrnl organ, in the angle-worm, has been well-drscribed by l>4-nhoS8ck 
during the last few years. lle«tarchee of my oivn and those of Ketzius hav« 
fully conflnned hiä reports. From numerous cells of the intognment ar« 
seen delicate fibrils arising, which citcnd to nervo-ci'nlers and thore ter- 
minate by division. Lenliovsok has fonuulateü an hypothesis which ha» 
proved to he of great worth as a working-basis, and bids fair to simplify and 
cjtcnd our knowledge of the peripheral acosoiy nervous system. Accordingj 
to him, ail M-nsory nerves, in the iovcrichrates as well as in vertehralcs, ar 
from euch cells that are originally in the integument. The cells rccedal 
deeper and dwper, leaving behind n long and often branched filament in 
the skin. In the rertehrates they extend as far as the Tertcbral column, 
forming the spinal ganglia. Whether the cells lie immediately in the 
surface-epithelium or are connected with it by their processes, the sensory 
nerves, they int-ariably send one filament back into the central organ. 
Betaiua has described such transition cell-forms in mollusks, the peripheral 
filamentd being of dilTerent lengths, where the ganglion-cells, corresponding 
to epithelial cells, are often found not iu the skin itself, but under it tt 
various levels. In Fig 15 is reprtsented, after drawings of RctziuB, a scheme 
aiding one to connect the foregoing with the derelopment of the wnsoryj 
ner\'ouB system. 

It is not only in the lower onimaU that the sensory end-cells are met 
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with in the peripherj; they *re wmilarly found in the vertebrates, and in 
tn&njr different fornix as is the caac in tht> nerve^ndingf of tlie scnBc-orgnns. 
The epitlicliutn nf t)i4- niuuil uitii>ou[i membrane, like that of the angle-wonn, 
itenda only one pron>sK back into the brain; but in the ear there are no 
end-cells in thi« sense, the cotTPSpondiiig cells lying in tlie spinal ganglion 
of the cochlea, while their branched peripheral processes surround the hair- 
cells of the crieta aciietiea, or of the oi^n of Corti, after the manner of 
the Bouory nen-e with the epidennie-cell (Tip. 16). So also with the taste- 
fibers has such a branching' around cells been determined. In the retina, 
we know, there arc nerve-fibers vhieli conic from the brain and arborise 
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Fig. IS. — a, Saa u ery frpiUwIiimi of tht- rnrth-worni. ft, Seiuorj cpithvlium 
o( (liv onaiL «, Spinal ffuigliun c«IU «t * vtrrtrbratt^. (Afl«r KvUiiM.f 

■ One [iroww of tlio cell (Cl extenda to the iIcId m a Bonsary Dtrvc-flber; 
It M tbo boBKdopi« of tb» ieiuirite, but in thU aitualiDn is ttruc^lunill;' uxiiliflini 
into ■ tjrpwKl »fUrylinicr. (hte process extends Into the central nerroiu ajr»- 
l«ni. flBd ii 11» «(TrrvtiL nrumron, lumir. or ncwitr, nliw fMirp hiLving th« siructura 
of ft l7pi«ftl ari*t^Umdir. §ik)i r«lli hav«^ bMn called bipolar, bcoauM tliej 
pcwtsi two sxb p>1lDd>.-n: laasmuch. bowtrTpr, ns tliey posMm but one neuraxon. 
ths uUlity of the term blfmtef might be ratted in question. — W. S. K.] 



around their respective celU, while there are abo ganglion-cetis in it, whow 
axone« pas« backward into the hrain. 

Seiuory nerrco arc widely distributed over the entire body. They are 
located not only in those places usually known to be eeneitive, but also in all 
other tiuue« and organs. Wlicthcr one examine the liver or the kidney, the 
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lungs or the wall of a blood-vessel, one always finds delicate nerve-arbor- 
izations in unsuspected numbers. A large portion of them end probably 
in the peripherally placed sensory end-cells belonging to the reflez-arc of 
the sympathetic; another portion may very probably be traced to the spinal 
ganglia and even to the spinal cord itself. Especially the investigations of 
the last few years, making use of the silver and methyl-blue stains, have 
not only disclosed the wealth of nerves in the different organs, but have also 
shown that we have regarded the sensory innervation of the sensitive sur- 
faces, as the skin and the gustatory mucous membrane, as much less fully 





Fig. 16. — 0, Sensory epithelium of the nose sending the neuraxon as fila 
olfactoria, or olfactory nerve, backward into the brain, where it breaks up iato 
branches. The neuraxon is, in this situation, a n on -medulla ted ax is- cylinder. 
The dendrite is represented by the distal process of the specialized olfactory cdl. 
b, Cell from the Ganglion apirale of the cochlea; the dendrite passes from its 
peripheral arborization around the bristled cells of the macula, or hair-cells of 
the organ of Corti direct to the ganglion- cell, whence the neuraxon passes as 
Ramus cochlearis Ner\-i acustici toward the brain. (After Bettius.) 



supplied than they really are. One finds there enormous plexuses of nerve- 
fibers beneath and between the epithelial cells, and they send one, often 
many, fine fibrils to each cell. Fig. 17 indicates, for example, how surround- 
ing every hair there lies a veritable crown of nerve-fibrils (.4 and B), how 
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papiLIc and the tactile p&pillEe. Good staining diecloECa with each of ihem 
plexustte of unsuspected deneifcy of arborization. 

I'or vi'hat services may euch an abundant seneoij innervation be pro- 
vided? It occurs immediately to one that there is a great number of re- 
flexes, very necessary to the preservation of the individual, even though he 
be unaware of them. The regulation of the secretions, the blood-supply 
to the skin in relation to the caloric body-«conomy of the organism, the 
adjustment to rarying illumination, the tension of the muscles and tendom 
through the rcjtjicctive tendon-reficxes, the different reeponse by such vary- 
ing tensions acconling to the ioteneity of the roLuntary impuleo, and many 
other phenomena could be cited. To all of them is necessary, besides tho 
motor part of the reflex-arc, a sensory part. Indeed, Kxner, to whom vo arc 
indebted for indicating the importance of these short refiex-aivs and the 
rftles they play in the organism, lias pointed out how, in generalj, for tJu 
produiiion of any movement the »mnuri/ inrurvatio» must be intact. The 
act of swallowing, for cxumple, divides into a voluntary and a reflex net. 
Äna;etheti£o the pharynx with cocaine, and the ability to perform the voIud- 
lary part of swallowing is preserved; the bolus, however, on reaching the 
ocsopha^Tus, produces no impression on it, and the reflex part of the act is 
lost. Here, then, is the reason why the mucous membrane of the gullet 
possesses such an apparently superfluous sensory ümerration, and why, be- 
neath amU in Its epithelium, there lie sucli great plexuses of nerve-fibens. 
Another good example of the importance of sensory regulation of purely 
motor phenomena is offered by tho movements uf the lingers. These more 
mcnts are much impaired — the "lingers are stiff" — when sensory dis- 
turbances alone are present in the hand. This can be brought about arti- 
flcially. hot the hand become too cold, and it becomes stiff; i.e., cannot 
move well, even in those movements di'pending upon the muscles lying in 
the protected forearm. These latter muscles cannot contract normally, it 
appears, when no regulating impressions arrive from the tendon and joint 
□erve-cndings. The stiff fingen, which one experiences often on a winter*« 
walk, arc due to the presence of " Scneo-mobility." Probably many motor 
disturbance« of hyslcna are of this category. 

An abundant eemory innervation is, therefore, necessary, not only for 
countless reflex actions, but for the regulation of many seemingly pttrely 
voluntary movements, as well. 

By "sensory innervation," however, one muat not think only those proo- 
eesM are meant which enter into our consdousnesa, hut rather all thoee by 
which from any place in the body impresaions are conducted to the nearert 
ganglion or to the central axis. Whether they be conducted farther still, 
or whether they be recognixcd by the individual as they occur, does not 
affect their nature. Sensation and perception are not the seme thing. 
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The moat manifold tracts and centers seire aeneibility, and in vcrte- 
Iffttee, eepeciaUv in man, vho ia able to give information in regard to the 
p«txieptioD of certain impressions, we hare found a. multiplicity of geosations. 

The sensoi; control required b; apjiarently similar movements is not 
always the same. Particularly in the higher animals there seem to be 
more factors entering into this control than in the lower ones. But eren 
mtmniala may, at times, through habit, etc., learn to dispense vith one or 
another such factor; t.«,, may be successful in. ptrforming acts throngh the 
agency of clement* whi^Ii in lower stages of evolution were simply regulative 
in their action. 

Tlie iniportanci' of the single forms of this sensory regulation of en- 
tirely elementary motor mechanisms h well illustrated by the sliTewd ex- 
periment of J. Bichard Ewald. If one remoTC the labyrinth on both side« 
of a dog, the general muscular tone, and with it the power to maintain the 
vertical equilibrium, sulTeis so as to render walking and standing impoeetblc. 
But this is gradually recovered from, tb« tracts for tactile and other im- 
praaäons making up for the loss. Remove now both the cortiml motor 
•IMS for the legs, and the sevprc motor dirtnrbance reoppeare, the animal 
oannot produce co-ordinated, or, indeed, any regular movements. Still, 
hare follows slowly a recovery. But tlie dop is in a scrioiis state, being re- 
duced to risusi control for nil his movements. When the room is darkened, 
or his eyes arc bandaged, bv falls hclplcaely to the ground. 

Lower vertchratcfl — frog?, for «zample — cannot conceal the loss follow- 
ing removal of the lab^Tinth», bacanae with them the possibility of eubati- 
tQtfng other forms of sensation from the cerebral cortex for those lost is 
Twy alight. They remoin unable to jump after removal of the labyrinth. 

The foregoing show» how complicated, even in the most ordinary act, 
the mechanism required for its performance is. By study and experimctita- 
tion, one may, perhaps, recognizo in the central organ at least enough of 
this mechanism to serve in explaining phj'siologica] and psycliological 
pioeeasw. 



PART II. 



REVIEW OF THE EMBRYOLOGY AND THE 

COMPARATIVE ANATOMY OF THE 

VERTEBRATE BRAIN. 
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CHAPTER IV. 



The: DitVüi^ruitNT or the Bbaik and o? Oaxolia. 



TnoK the preceding chapters we learn that there are scattered gauglia 
with Diotor and eenaory parts; hut amoni; the higher «nimala the greater 
part of Ihu central nvrvnu« Hjrskni is more or lees uonceiitratv<l into h rlcllnite 
location. Among vertebrates tbia concontrated uerTous fiyBtcm includea a 
longitudinal cord — the spinal cord— into which the sensorj' ncrrca como 
from without, while fToin colls which lie in the cord itaelf the motor nervoa 
ari»e. Those portions o( the central system which recfivc or send out 
numerous targe nerve-lnmks in n relatively -short space are much thickened. 
As examples, one mnv cite the cervical and lumbar portlona of the spinal 
cord. This is especially tlie cnsc iii the ccplialic ports of the animal. In 
consequence of this all of Uie craniata poeecss in this segment of the sj'stvm 
an cntorgcmcnt.—tho mtdulla ot^t^^n^at^. From this arise the ncrvce for 
the l>ranchial arches and for all the structures derived from them. 

Another cnlargcnient lies farther forward where in nearly all animals 
laige optic nerves cnicr. Finally^ one regularly finds at the extreme on- 
lerior end of the central nervous system a usually-large projection where the 
olfactory nerve takes origin. 

In the spinal cord us well as anterior to it there exist connections of 
one level with another. These produce further enlargements of the central 
•ystem. 

Kinally, with the eyetcro as just dc«cril>ed there aro oawciated other 
fltrnctures which aro not in direct relation to the difTerent nerves, bot 
which may ho, indeed, very important for certain functions of the uiimaL 
For example, one ßuds. dorsal to the medulla in all craniata, a more or 
lees fully developed cerebellum. Ventral and anterior to the deep origin of 
tbi- optics is on important «pparatus, — the niidbrain-b»ee with the midbrain- 
ganglio. — which receives trocta from before and behind and which also 
wnds out tracts. Finally, there is always developed anterior to the Thal- 
amenccphslnn nnd do»a) lo the deep origin of the olfactory nerve the basal 
ganglion of the forebrain, — the corpus ttriattim, — with which a hrain- 
mantel may be associated. 

As is welt known, tlie spinal cord is alone sufficient to make the lover 
vertebrates capable of relatively complicated acts. 

One is able to determine anatomically and even experimentally how 
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the different brain -Btractuiea in Üie aniinaJ series were added to the spinal 
cord, cKentiallv incrcaaing Ihc capabilitv of the or^aniain. 

The amphioxus practiuilly poffiesecs onl; tliv spinal cord, curn-äpunding 
to the mctamcrca, which receive« and gives off nerves. Whatever broin- 
«tnicnirc« it may have are to small that the iiivcetigittions of our beat men, 
covering spvcral decades, have only recently — through Kupffer — succeeded 
in finding them, llie brain-Eegment« ot the nerrous system of amphioxus 
lias as yet remained quite refractoni' to ph),'«io!ogic&l experiments. A de- 
capitated amphioxus conduct« himseU jtut like uiiv uhich fttLll possesses the 
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Fig; 18.— So^titta] secUo» through ti.e bruu ol . 
•ItUgeni. (After voD KupIT-^ 
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pointed antorior «od of the head (Steiner). However, all craniate verte- 
hnlc« poascas, anterior to the spinal cord, at Icsit the braiu-atnictun-a above 
mentioned. In the Geld of morpholo^ry one would hanlly ilnd anything 
marc interesting or iustructi>c than a gttmp«c of the development of the 
brain: of the progressiTe or retrogrefisivc development of particular parta; 
of the development of higher struclurc» from part« which in other animals 
still exist a« simple ciitirlo. Let us now become acquainted with thcM 
proceems st^p by vtep, — and »cc how the whole wafi gradually built up, liow 
it vame to be and how it is aver changing, — here increasing and there- 
docreasing. 
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Physiologically those Ihings afford ou oepecial mtorest-, and it it to b« 
huped that thoy will suuu^ tiine afford abo an especial inicrcet peycholog- 
ically. It ia certainly lo be rej^retted that tbtse subjects are here slill quit« 
insufficiently recof^ed. 

From the foregoing chapt«rs we knov that th« entire fundament of the 
nervous eyslvni i* fumiahed by the outiT gtirin-laycr, — cpililael, — tbat Ihi» 
fundament forma u plate which aoon einka in to form a groove. Very early 
the medullary groove becomes eloeed, forming a mcdtillnry canal. But eT«n 
before this closur« is complete one may recogiiix« in all vcrtebratce, in the 
region wh^re tbo brain is developing, three Tcaicular expansions: the 
{primitive) forebrain, midbrain, and liindbrain. 

The wall which closes the forebrain anteriorly ia called the embryonic 
tmninal lamina; the closure of the original medullary plate reeulis in a 
cram, or raphe. 
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Fif!. 19. — Longit-ndin«! KS-ti»ii tiiru'agli tlie braiu uf a ncnlHirii killun. TIib 
ThaluDiu (XuHKttenklru) nnd Corpora Quadrigeminit (.Uittlfliinti covered b>- thfl 
Canknim iVorittrMm). 



The seotiou of th« brain of a larva) sturgeon (see Fig. 18) contains, i 
the description will abov, tbe mo£t raried fundamentfi for the further de-J 
velopment of the separate brain-seigmenta. Kot all come to maturity; many 
remain in the siage here shown; bat among the higher Tcrtebrate« the 
separate smaller &cgnienta of the brain-tube become metamorphosed into im- 
]^ portaot structures, whose development may be vciy different for the differ- 
ent classes. 

First note the amall epithelial plate at the dorsal end of the lamina ter- 
minalis. 

In most vertebrates there arises out of that part of the forebrain which 
lie« dormlly and laterally from the lamina tt^rminaliy a new and important 
stmctare, the Prosencephalon: a large vesicle located anleriorly and dor- 
eally, which ia soon divided into right and left hcmisphcree by a longitodinal 
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infolding from tli« dors«! Kurface. The hemispheres are Dot developed in 
the sturgeon; Iml, nwn if they vere, they would not be shown in Fig. 18, 
bccauM* the KectioD i» ni<'*liiin. 

In manimiht, the heuiisphereft, which nre at first very insigntficant 
oppearing siructuree, soon grow enonnously, bending posteriorly and thn» 
coTcring grftduftllj oioet of the other Tesidefi. Finally thej rest like • 
mantle over the Tholamencephalon, the Mesencephalon (Corpora Quadri- 
gi^mina), and the Heienci'plialon (Cerebellum and Pons). 

Xoltritlislunding llie iiirnirig back of the cerebral hemispheres, tlie 
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Tig, tO.^Ucdün lonpliiditi«! section through tli« brain o( % flv»WMks' 



Mvitif» of the various brain-vedcles, later called Tentriclee, retain their 
eomau Qicat ion with each oilier. 

Thus from the primitive forebrain-vetucle iwa atructureti are developed: 
Protimctphahn, or reMimm (VoTfirrhim), and, from that part of thp primi- 
tive forebrain- vesicle which in not dividL-d into hemispheres, the ThaJatrun- 
Cfphaion (Zwiffhfnlfim). 

In alt mamniala tlie walls of the hemispheres begin to grow thicker at 
this stage. But one soon discovers that that proceee is carried on by no 
meuis «HjoallT. Xoar the ha&e are located the olfactory lobes as thick-wailed 
nuuBca and poBterior to them, atit» basal, the great corpora striata. These 
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mass«» are eeparst«d hy a cleft from a more dorsal segment, the Pallium, or 
niamlc, whoao walls thicken n-latively Ijite. It ia interesting to note tlio 
primitive relations which munift-st Ihcmselvc« here. In all vertehrates the 
basal ganglia — corpora striata and olfactory lobes — are devclopud, but only 
among the higher Tcrtebnitce does th« mantle reach a noteworthy deveiop- 
Dient. In Pctromyzon «ud in bony fishes the mantle romains a simple 
epithelial wall tliroughout Uf«. But the Pallium is that portion of the braio 
which later bears the cortex cerebri, and is. therefore, the organ on whose 
development all higher psychioal life depends. The Pallium of th« stur- 
geon, for example, remains through life as thin is it is represented in tlie 
four months' embryo (Fig. 18). 
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Fi)[. 21. — Ixmgluulinal seetlou of head oi « four-uitl-ft-faAlf tUiy cliick. Tlie 
tvt bram-veBkles »n fairly well (Ii^v«l<i]3<-<1. VoraerMnüüihU, Cvrebml carity, 
ZyeitchmhimhShl«, Tbulnmvncvphalic CHvitj-, or third ventricle. yittltMm- 
h&klK. ^qusducttis. üittUrMmhiiiiir. OrchrllHr rarit}'. yackMnhOtUe, OHrlty 
nf nwdulls. Tb» lut two togvtlmr Torm Lliii lourtb wntricl». Hifpepttftttamlat«, 
PamUniciit of the ti]-]>0|ilijBiH. Vitrhigle, Coqwrn Quadri|C«ininiL (After von 
MlhalkoTin.) 



The hemiBphereB are, in mammals, most highly dcreloped, and are also 
here beat studied. Their development ihould be, therefore, especially de- 
scribed at this point: while those porta of the brain which lie posterior to 
the cerebrum may better be described after we are acquainted with the 
brains of lower animals where the thalamus, and midbrain, and even the 
cer«bellnm show especial stTiictiiral forme, which are either insignificant or 
<iuit« lost in mammals. The roof of the Thalamenccphalon remains throagh 
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life for D«ar]j its whole length ob a aintple epithelial layer. M the point 
of janctiiTc writh the Proflcnccp Salon the epithelinl plate is dispUc«! down- 
ward by the eQcroRchment nt a hi^hl7-va«culnr growth from the cranial 
CAvity: the velum chorioideum. From the relation of the hcmispheres to Iho 
Thalamencephalon, their inner border miut be contiouoiu with the velum. 
To the frontal section through the «rebnim, shown in Fig. 23, this is made 
apparent. The figure also shows that the cerebral cavilj is dividt-d into 
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yig. 22. — Frontal wotio« thruugk tho head o( a kuman «rubrro «I two uid 
m half iiionClii, showing ikt iovaginntkm of the oTcbrnl «Tity »ad (Jw fimdaAcol 
of tb« oorpiu ■trUtuin. 



one madiaii and two lateral Tenlricles. The velum chorioideum sends ex- 
pui^na into the lateral vvnlri(.'les: the Pltxus chorioUhi lalerales. The 
place where the walls of tlic hemispheres pass into a simple epithelial layer 
(Fig. 22, <t) is calU-d the margio of the bemtepherce. 'fhis marpn is later 
marked by a fasciculus of white fiben throughout its whole length: 

When the most Important parts of the cerebrum have once become 
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ifd, it has the form ehown in Fig. 23. It has gcown mit poa- 

""teriorly and has tlao bent vcntraliy. Whtrc, within the cerebral cavity, the 
corpus striatum is dovoloping the j>utor u-nll is Ice« expanded than in the 
other parts of the cerehrum. 

la Uiat placv a relative retardation ol tb« growth of the cerebral wall 
ItvTes a d«ep Assure, tho Fitsta Sylt-ii. 

A frontal loU, an oecipitai lobe, and a paritial hbe msy now be easily 
distinguished upon thu hemispheres. That part of the hemispheres below 
the Sylvian foasa is called Uie temporal lobe. 

The hemispheres arc etill hollow within and the rentricular cavities 
eonform nattirally to tho general «rcbral form. Tho«e parts of the ven- ' 
tricle which extend into the fr()ntal, occipital, and t«mporaI lobe« have 
been called the anttrior, posterior, and inferior honit, respectively. At this 
slag» of development the median wall of tlie hemiephere demand» our 
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especial interest. As before mentioned, its ventral margin paeaea into the 
epithelium of the pleriw cborioidcus. This is the case also when the wall 
bends down with the temporal lobe. From the bas^ of the lamina tcrminalis 
to the apex of the trnipnral lobe, the !ti<'kle-fthap<>d fornix locates this 
marjrin. In the anierior pan of the brain ihe rnrinif callosum ie developed 
dorsal to the fornix. The commiHural fibers of which the corpus callosum 
is composed detenntno a surface which forma an acute angle with the fornix 
faee Fig. 8-1). 

That portion remaining between corpus callosum and fornix, and which 
consists of the two thin lamime of the primitive hemispherical division- 
wall {primäre MekMdtwantt, F^g. 23} is «ailed the septum pelltuidum. These 
are important structure«, which should bo carefully studied in the accom- 
panying fiiinres, 

i^ote carefullr the anatomical relations shown in Fi^. 22. Id the hta& 
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of tjie c«r«braii] is a ttiickening of the wall, whicli project« freely- into the 
ventricle: tlie (orpus slriaivm. From the corpua striatum a« from the 
cerehnü cortci ucrvi-fibere arise. 

Many fibers which have their origio in the cerebrum mmt pas« through 
the corpiw «triatum on their way to more distaot part& of the central nervous 
fijstem. The fibere thus parsing through the corpug striatum lie in tn'o 
maases: an outer and an inner one. The outer one is called the nwltns 
Imtiformis and the inner one the nucleuf cauiiattt». The m»ü of fibers 
between Ih« two has received the nam«? inUmal capsule. In the four moutlia' 
hamoii eiubrvo llie dirittitm of the corpus striatum ii already clesT, and the 
nudtfiu Icntiformis and nucleue caudatiu appear as independent gray 
maatca. 

The corpus striatum lie« the whole length of the ccrobiol base. Po«- 
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Tig. 24. — Sboiviuf wrdUn lupcrt o( ■ Iinmtipltere irliuM! Utenl or outer 
aaptet u ehowu id Ki«. 23. UltUc «TO I'onirr-Airw u. Zwiaehfnhirn Zutamnen- 
Jlown, rinrc uliere cerebrum «nd T1iHLiniMicv|itiiiI<in com« togettirr. Foi further 
dMeripUoa, Me uxt. 



teriorly it is, indeed, very narrow and it is really only the median p«rt 
which ia alway» deinanstrabtt*. .As tail of the «--audat«.' nxicleug, it is aiway« 
found in crow-sections through the cerehmm. The lateral part, the nucleus 
lentiformis, ia much shorter. Tlie nucleus caiidatu» projecta freely into the 
ventricle. I'hc same is true, anteriorly, of the nucleus Icntiformis. In later 
i-nihryonic life, however, the narrow cleft between it and the cerebral wall 
beooioea ao narrow as to be no lon^r dcmoDstrable. But the cerebral wall 
may alwayt, even in adults, be eajily separated from the outer wall of tlie 
nucleus lentiformis, without the severing of fiber?. 

In the adult brain the position of the former cleft nxay become of groot 
importance. At that place, for example, cerebral hemorrhages taVe plae« 
with eapecial ease, and the hlood, even when it is small in (luanltty^ fill* the 
apftce between the cerebral wall and the outer aide of the nucleus lentifonnia. 
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The glimpse which haa l>eeii preecnted of the dereloping br&in has 
possibly alreati; onlled forth ihv quc-elion: Uow doi-s th« braiu grow? And 
Uie compahüon with the ridil)' concoluled bi-aiu uS th« adult may have 
eu^ested also Ihe qne«tion: At about what time has the brain rvached the 
funu anil m« which it retainti tlirou^h tht- major part of life or uutU that 
time whrn advancing ago induces eunilc dcrtiidciice? 

If the brain is the organ upoa the faultlctui (icrformancc of when« 
fimction the nortnal psychical procceeea depend, it is worth our while to 
know how long new itftjue-tlemeiHe may be formed and iijwn the in- 
cn>ase of what pan tbi- growth ut the whole depends. Investigations which 
might atuwer thew unportunt quesUuns have made Htlle advance. There 
is a complete lack of iuve^tigattoua on llm multiplicattün of ganglion- 
cells in different parts of the brain in the j««t-onbryonic period. Up 
to th« preecnt lime kar^'okiiifBiB of miek'i tif central cclU hua been very 
ininqncDtly found; to ihat it might appear as if the brain, which has 
apprnximaiely roocbcd the form and weight of thr ndiiU organ at about 
the B«ventli year, had, by that time, established nil of its ganglion-celU. 
Sehiller'g proof, that the glondcr ociitnmotoriue of the newborn cat containa 
erarcely fewer fibers than the thick uerie of the adult, farors the theory oti 
an early termination of cell- format ion. Tliere are, however, oppoaing stato- 
meot«. Thus, Kayaer found in the cervinil eulargemcnt of the spinal conl 
of the newborn only about half a» many ganglion-cellfi aa in the samei 
region of a IS-year-old boy, while the number found in the latter case wa« 
little different from that found in nn adult mnn. Also on« m erat ions which 
Birgo and othere have made on the spinal cord of the frog determinedj 
positively that in ihe»e animals the ganglion-celU continue to increase for a ' 
long time in adult life. 

Probably the principal post-embiTonal increase of nervp-tiasue in manj 
occurs iu the grow(.h of nerv'e-fibers and collaterab from ganglinn-oella 
already present, and especially of the formation of medullary substance 
wbicli continues tliroughout life. Donald-ion, to whom we are indebted for 
an excellent work on "The Growth of Ihe nrain,*' came to tlie same 
coDcltuion. 

Tlie human cerebrum having been an important object of your previous 
study, it hH.<; seemed profitable to descrilK its dcvelopmcDt somewhat in 
detail. Bnt since wc are not here concerned with the human brain alone, 
let Ue study in the braiu of another vertebrule thoee first developmental 
processes which are common to all vertebrates. For this the brain of a 
reptile — the lizard — ha« been chosen. In this (see Fig. 25) one may readily 
rwognizp the typical parts of the vpriebrnte hrnin, because even in adolt 
reptiles the relations are much simpler than in mammals. 

The middle of Ihe figure is occnpie<! by the cavity of Thalamen- 
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ccphaloD. Its roof is utmost excluairdy formed of opithclinl plates vhoee 
namerouB projections will claim our attention ]at«r. Even rcntrally the 
u-all, which ig evagioat^d to torm tlto sack-like reeeanuM infundibtUaris, ia 
onljr 8 thin one. The bjpophjrsis lies clow Incide it. The lateral walle oon- 
laining tBe optic thalaini are not figured. The dorsal wall of the Ttiala- 
mcnctfphalon i» directly wntinuous with the cerebral mantle, the Pallium, 
vhiuh ia the donsai wall of tlie Prosencephalon- The floor of the latter ia 
oficupic<1 li; the corpus striatum and the olfactorjh' apparatus. Posteriorly 
the I'balantcnccpbalon merges into the Mcacnccplmlon, whoec dorsal eeg- 
meot i& called the«r;«««p(tcum, brause here is the deep origin of the optic 
norvc*. 

Ttie ventral segment of the midbrain, designated as Tegmental pronü- 
nence {Haubtrmmist) and Basis meäcncephali, contains almost exclusively 
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tig. 25. — tteplUian brain. I A diagnuuiatit MgilUil »MtiaB.) 



ncn'e-1 ract«, with, also, a few small nuclei. Turning at a aluirp angle, the 
corpua opticum becomes continuoua with the cerebellum. Tn thiH angle 
tliere arc. in all vertebrate«, two greet ncrve-dccussations, the anterior one of 
which belongs to the nemia trochlcuri». The cerebellum covers n part of 
the medulla even in the reptile. The ^euter part, however, ia exposed and 
ia covered by a thin choroid plexus: the PUxua tenirimU quarti. Then 
the cavity of the centml system become« narrower and narrower until it te- 
c<ixau a narrow canal which traverses the whole length of tlie spinal cord, 
i^omething ban been said of the development of the peripheral nerves 
in the previous c-liapleni. If the central ucr%-oU8 syalem has progressed so 
far in it« development that the principal parta arc clearly diiitinguishcd one 
from another, then from the Thalamencepholon to the end of the spinal 
cord the central cavity (ventricle, or central ciuial) is inclosed with gray 
tiieue: masa» rich in ganglion-celU. Posterior to the midbrain the periph- 
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cr»l »«rvea aris« fiom thes* ganglioii-<elU. Tke motor nenu aritt from 
eeli-grotips in tht ffray mailtr, and with ftw exceptions leave the spinal cord 
bi/ tiu ventral tidt. Moft of Ihe gmfory nerte» arise from ijanylia wÄich 
liedou btiide the central organ. 

From the ganglion every sensory nerve send» a namber of root-fibera 
dor&ally into the cenlrnt nen'ous ayatcm. JTost of the sflneory root-fibera 
pa£e into the ^ray «ubstance not far from the reepcctive gsnglin, bnt eome 
of them run eomc dieiaiicc, furward or backward, iu the superOcial layers 
h«forc they reach their termiaatioo is the gray. These are deeignatcd as 
ascending and do«ccnding roots. The origin and armngeraent of the ganglia 
afford much instruction and intcreet. 

The earliest embryonic changes show that in these peripheral structurcft 
we have to deal irith true deriratives of the central nerroits ayetem, — with 
part« which sepaiated from it quite early. The ganglia arise from the mar- 
gins i Randstreifen) of llic medullary plotc. When this plate riflca on each 
Bide to form the mednliary ridge» which luuitly fuM along their marginal 
lips to form the medtiliaTr canal, leaving on «ach «idc a free edge, thcM 
margins come together and form an anpaired cell-rod, vhich, at üret 
wedpe-shnped, appears to sink more or lews into the dorsal seam of the 
lipinxl cord. In consequence of an increa^ and a displacement of its cells it 
»ooD leaves this position, leaves the roof of the medullary tube completely, 
and is divided by splitting longitudinally into a left and right cord. 
Through segmental thickening the paired fundaments are divided into sepa- 
rate ganglia, \s'hich move more and more laterally along the medullary tube. 
AVhen the segmentation is complete then the primary ganglia, so far aa 
they are derived from elements of the central system, nro complete. 

While the spinal ganglia, from their above-described derivation, re- 
main really a part of the central system, the ganglia of the cranial segment 
come into renewed contact with the ectoderm, or, more correctly, with the 
embryonic epidermis for a ccHain period of their development, and togctJicr 
with this form the fundamenls of the f>rimilife HMt-organs. Every cranial 
nerve acquires two such contact», or forma fundaments of two senao-organi,^ 
at two typical lo(Bfi»nis. Thew locations for the several cranial nervet' 
occur in two longitudinal sorics: one more dorally located, the lateral, 
or Kupffer's, fundamtnt, and one more vcntrally located, the epibrnnchial, 
or Froriep\ fundament. All of the Kupffer fundaments occur in a longi- 
tudinal line which begins anteriorly in the olfactory pit, poases through the 
oral pit, and in lower vertebrate* is continued along the body as the laterai 
tin*. All of the Froriep fundaments lie in a longitudinal line which begins 
anteriorly in Üie lens-pit {lAnsen^ruhe) and ihcncc runs along the doreal 
ende of all the branchial slits. Of the KupfTcr fimdamentfi two persist and 
develop into permanent seose-oi^ns: the na*at pit and the auditory pit. 



SS 



AN'ATOMT or THE CUXI'BAT. sbrtocs ststbm. 



The Ooriep (undamt'ntb', uq tlie other hand, have an exclusirel; embryonic 
exigi*nco, aud won?, tlieri'fore, regardL-d liv ihuir discoTprcrs as ontogenet- 
ictWy pL-i^btcut rudinit'ula nf lost ancestral Ketue-nrgant^ i and nere called 
branehiai cUfi organs (KümeiupaUenorgane). D«6mte traces of this embry- 
onic connt'cl i'ln u-ith the epidermis arc manlfeet in the adult in the AcHStico- 
£oci»lis, the üloBeo-pharj-ngeufi, and Vagus; tlie Kupffer series corresponds 
to the Ggl. ocueticTim, Ggl. ju*ularc of the IX and the Ggl. jugulare of the 
X; from the Froriop eerit* ari*e the figl. p-niculatiim (VII), Ggl. petrosum 
(IX), and the pneiimoya-stric gauglion (X). 
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Ftg. 200,— O-OM-wcllan Lbr«Hj[h the poab-rior part of lb* h«iid of a ahnrk 
enbijo, o( twdv* mlUtMNtcn* Ivngtli. The «action puM« Uirough the fuurth 
%iM«ml cWt |4) and Uirougli tlie ia^u» (UKfUon with lit tnu <>pi<!Htuul con- 
lurta: th« Kuplft^ rutKliinii^nt (Ktiplt^r ArI.) *n>l the FroriAp fun'dntnpnt, re- 
aper lively,— the Intcriil ntid itie rpibrancbial (umlaiiK-Ble. a, a, Arterlea. T, 
Jugular win. fAIIer Froeiep.) 



The olfactory nerve occnpiee an exceptional position. At one time 
ila primilivc ganglion seemed to be quit« «b«ent. Th« olfaetanj (famjlion of 
Uia arise« independent of the nawl pit — the Kupffer fundament — as ■ 
pun-lv Interal ßiinetion. miputcs awav from the naaal pit, approaches the 
brain, and fufit's complftfly with the olfactory bulb. The nnsai pit bt-havc« 
also in ■ epecial vray, in so far as it is the ouJy one of the persistent f iinda* 
meota vrhich retains the character of the primitirc eciuo-organs. Its cells 
remain in sUu as peripheral ncrve-ccHs which send their ncursjons into the 
olfactory bulb. In the case of other aensG-«Tgaii»— «.gi., the auditory pit — a 
aeparation takes place: the original peripheral nerTe-cells migrate Inward 
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and become bipolar or |>seudo-iiiiipolar gnngl ion-eel b, while tbe celU of tbe 
fundament which remain stiperficial become differentiated into "eecondjvy 
«euße-oells" of Kctzius (rroriep). 

While the rclationH in Xhv triiiik Hn> quite simple, — since here a series 
of Bpinal ganglia lie bceicic tbe KfiinaL rani, — those in the head will bs 
found to present a much more complicated arrangement. It is t-xcecdiogly 
important here to obtain a clearer idea as to the number of fundamcnla 
or primitire elements which enter into these fitnicture«, because in all 
ndult vertebrates of bigbor rank the relations presented hy the cranial nerves 
are ao complicated that the opinion has long been held that these nervee are 
not complt'tely homolitgous to spinal nervea, but that all or nearly all of 
them are compoundfil from several elements into »n apparently unified 
structure. Twelve pairs of cranial nen'es are usually differentiated in mam- 
mals; even in birds the »anw th'mg iiißy he true; but in araphibians and espe- 
cially in fishes such nn enumrratinn is cjuite arbitrary. In these lower rertc- 
bratcs not only do the nerve-tninks receive other branrbes than thoec typical 
of the higher animale. but the eourcee of the roots are so manifold that it 
if not always possible to determine whether a particular root belongs to one 
nerve or anotJiiT. For example, tht? Facialis eousjsta essentially of motor 
ßbera in the higher vertebrates, but in the ai^ualic lower vertebrate» it re- 
ceives a large reinforcement of scuBorj- fibers which belong to the system of 
cutaneous eensc-urgaiis. Thus thtre exists no little confuaion in differen- 
tiation of the Kaciali« and Trigeminus. 

The cephalic end of the skeleton is phylogcnctically compounded from 
a number of segments which have not ret with certainty been dotennincd. 
It ia probable that the number of ganglia and the nature of the uerve-root« 
may eervc »s guides in thie problem. It thus becomes an important task tO'^ 
determine: (1) how many primitive pairs of cranial nerves there are, and (2) 
liow these have been transfurmed aiu! corabiued to form the cranial nervea 
whic}i we find in the hifrher ^erti-bratcfl. Incident to the tnmafonnalion 
certain previously lar^'c and important ucrves bt-oonic supt-riluouD and dis- 
appear, others change the direction of their course, and «till others pafs to 
organs which, during the racial or individual development, have had «■' 
fuQctioD ([uile different from that which they have in the mature condition. 
For example, from the embryonic branchial fundaments important ports of 
the ekull and of the middle ear develo]); the branchial nerves are modified 
alimg with the other gtruelures. and appear later iu a rfile wholly different 
from that which they originally played {e.g., K. petFo«uä »uperfic.). In fisbea 
and aquatic amphibiao^ the skin of the head i« covered with a system of 
E«nflory end-organs which po»*ibly serve for the perception of the diangeej 
of preaiure in the Rurrounding medium. The sensory branches of tbe' 
Facialis which in Amphibia innervate these organs arc, in the mctamor- 
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phoeis ti> terrestrial nmpbibia, «ither tost or changed to quite msigniflcant 
twig». 

Id the light of these Tacts it becomes erident thai the formerly practical 
method of a aiinple morphological deacription of that which exiete in the 
adtUt atiiniAl, and above alt the simple transferring of mammalian relations 



Pig. Sflb. — Cmnhil f[>ngtitt and nenn of » four-mill inet«r Ammootcta. 
lAttet KQpfr«r.| 
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Fi|r. Stic. — Cranial gaoglia nnd n*rv«4 Af n Iw^lv-o-coiitiinfUr <( mMOArf/ji. 
(AfUT KupfTcr) 

KitpliiDaticin of Uin Agimai 0.i>., OKiigUvn oplttfanlmicuni. A.o.l., Hkdlx 
ophthkl. N. trlgcm. Ti.X., NVnrus trigetninus. A.YJ.. lUntirp« X. trigtun. r7.mm . 
Qgl. in«xtno-lB*tulitiul*r<>. O.X.f., Ogl. K. fodftlia. PS.f., Rndlx N. (ndoli«. 
Of.. OtorjrM. O.G.. fisl- h*- xl<<M(^|>har7-ii^. O.r., Ggl. Vmgi. X.g., K. «loaM- 
phuynitnu. yi.p., K. lit«rnlJa praf. if.l.r., Itamuii Ut. Vagi, ff.r., lUdiopn N. 
Va^ ff.A'.r., lUml N. Vagi. I, 0, 8, 19, Bptbranchial ^nplia of thcao numbcra. 
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to the lower vertebrates, can lead to no GatUfactorr r&sulte. The task ofi 
sufficient]}' desoribiiig Llie cnutial nervee is to 1>e accomplished tn no other 
way than the following: (1) in gradually bt^eoming icquaiotcd with all of 
the separate aerveti that, correspond tn a Kinglc segment oi the head, and (2) 
in determining how ihvac liavc been combined into larger tnmks. 

So far 08 we know at present, the simplest relations eiiet In the embrjo» 
of Cycloetomii. It ie e&pccially to Kupdcr that we are indebted for the 
beginning of a eomewhat clearer vision here. (See Figs. 8CS and SCc.) 

Not« in the Ammoca-lcf of only four mitlimetciti thai the chain of 
epibranchial ganglia is coooMted dorsally with the five much larger dor 
lateral ganglia. The moKt anterior one of the latter is the Ggl. Ophthal-' 
raicum. From this most of the fibHm which constitnte the ophthalmic 
bnincli of the Trigeminus later develop. Posterior to this, and connected 
with the central syt^tem through two root«, lies the (?gl. mas ilia- uiandibuiare. 
It will later bo fused with the Qgl. ophtlialmicum to form the Ganglion Qa£- 
seri and will give off the eooond and third branchte of the Trigeminus. But 
in the moantimo, fibers and ganglion -celle from the anterior epibranchial 
ganglia Iiby« become «fitoeiated wiih the elements already enuuieratod. So 
the N. trigeminus ia to be looked upon as already a most complicated atruct- 
nrc, containing elements of moat varied origin. Anterior to the otocysL 
UM the great ganglion of the Fnciolis, connected with the sixth and seventh 
epibranchial ganglia. When the animal become« larger one recognize« that 
this ganglion is only an appendage of the great compoejt« root of the 
Faeialia; that in the eompoi<iitiou of this nerve not only do fibers from thi> 
gnnglion in quegtion participate, but aleo niimeroua etrnctures which arise 
from the now gradually disappearing epibiancliia] ganglia. Juat posterior 
to the ganglion of the Faciati« the prcviouslT continnoiu trunk of the epi* 
branchial ganglia comcä to an end (see Fig. 2Gc and compare Fig. 266). 
Farta of this trunk are received anteriorly into a Ramus bitccalis, and pot>' 
teriorly into peripheral facial branches. 

Hero is an example of that which the author stated above regordinc 
the value or significance of i^ingle nerve«. The apparently single facta] 
nerve contain« elem«nta of the most manifold origin and signiflcanee. 

Posterior to the otocyst lie the Ggl. Glosso-pharyngei and the Ggl. Vagi; 
both intimately connected with the corresponding epibranchial ganglia. 
Later, when the epibranchial chain ia broken, it remains intact posterior 
to the ganglion of the Vagus, where it appears like a nerve-trunk passing off 
from that ganglion and containing ganglionic nodes. It is the N. pncumii- 
gastricus, the Vagtw, and it innerratca the gills, heart, and other risoen. 




CHAPTEB V. 



Tub Stbucturb of the Spinal Cokd. 



Is the introductory chapters tin- fundamontal elemeota of «rlitcli the 
uurrous sy«t«iD ü comiKWcd tcto ptc-tsi-ntc-d; also their arrangement in 
liirger and tzDAUor complexes, aod the devolopoicnt of thcec and the prinoi- 
pai divUione of the cpntral aj8t«ni. In the foHouing c-haptf^ni will l)e prc- 
senUd the mögt important facts known regarding the sirucliire of these 
principal diriaious. leginniug vith the description of the ticsl-knotrn nciT- 
oua systems: the mammalian and hiuunn. 

Pint to be coDBiderod is the apinai cord, the lowwtt central ncrrou» 
a^tcm, the one which is olwaj's present, and which form« the first place of 
rKsptiim and place of origin of norres. On either eido of it lie the spinal 
ganglia from whose cells the »en^or^' uerrcs take their origin. Thcj have 
twen found in vertebratee of all claesee. The ganglia are constructed of 
cell« whü«e Urge bodies send out, in fiahw, an axia-cylinder in each direction, 
the afferent one being ihc ncuraxun, while the afferent one rcpreat^ita a 
modified dendrite {see Fi£. 16, in Chapter II). The same is true in the 
friobi^os of other verii-bmte»; but in the latter the processed come to lie so 
clo§c together that the tir»! part of their coune i« represented bj a sin^e 
stalk, only dividing a little way beyond the point of origin. Fig. 27 show» 
sereml racb coll-types from spinal ganglia. \Vherover it hmt be^n inveati- 
gated it has he&n found that oue of tljo processes ran to the periphery as 
seDsorr ucrre while the other passed to the central organ. All of tbeie 
central processes taken together ai-e called the dornai root of the ganglion. 
The number of durruil roots is very different in different animals; even 
nrooDg individiuls of the mmc species there may be small rariatione. That 
depends upon the length of the animal and the number of the metameres 
which reach etructuml maturity. Ranged Rerinlly along thp .xiclex nf the 
spinal cord these sensory roots cnUfT the cord from the doRtal side. After 
th«ir entrance they divide into airending and dpsrendinc branrhcs, and 
also give off numerous collateral branches, which send twigs into the gray 
mutter. This ascent and descent occurs in the dor&al e^ment of the spioal 
cord, and where many such ncrrcä are present the whole btindle of longi- 
tudiDHlly rangc<l ncrvt« is called the posUrior traft«. 

Any sectJoB of the »pinol cord showB that that organ i& traversed 
cenlnitiv and longitudinally by a canal — canali* csnJraÜ*— surrounded by 
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epithelium, and that around this canal lies a very finely organized tiesue, 
the gray substance. This is, in turn, surrounded by nerve-fibers, most of 
which ran longitudinally. These longitudinal nerve-fibers represent the 
tracts. 

The posterior root-fibers (dorsal roots) enter the gray substance after 
a longer or shorter course, usually in the posterior tracts, though in fishes 
in laterally located tracts as well. After entering the gray substance the 
fibers divide into fine terminal ramifications, which join a close net-work 
of fibrillse, which fills the whole posterior segment of the gray matter. 
They probably come into contact there with the processes of smaller cells. 




Fig. 27. — Several fomiB of spinal ganglion- celts, shoning the cell-bodies, the 
afFerent sensory nerves, and the dorsal roots (Hintere Wurzel). 



The gray matter has been divided into posterior and anterior horns. A 
better expression would be: dorsal and ventral columns, because the projec- 
tions are really columns which extend longitudinally throughout the whole 
length of the cord. The dorsal columns are formed from the fiber mesh-work 
of the posterior roots. The ventral columns are formed from the collec- 
tion of ganglion-cells which give rise to the anterior roots. 

The development of the dorsal and ventral columns depends naturally 
upon the number of nerve-fibers which are connected with them. The fishes 
furnish a good example of this. In this class of vertebrates a large part of 
the body-surface is supplied with sensory fibers, not from the spinal nerves. 
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but from a branch of the Yagiu. The epinal sensory nerves are, therefore, 
Telatirely small, and in consequence, also, the dorsal column of gray matter, 
as shown in Fig. 29. 

But if, as in the case of Trigla {Fig. 29, S), many sensory nerves enter 
the spinal cord at any particular place, the dorsal column is much increased 
at that level. Fig. 29, A, shows a section of the spinal cord of the white- 
fish (Leuciscvs nitihis). Note here the small dorsal columns which receive 




Fig. 28.— The diagram ot the Bpinnl cord as seen from bebind. Showing the 
dorsal and ventral columns of the gray matter and the dorsal and ventral nerve- 
root«, illustrating also what was said about the posterior tract«. 



relatively small roofs. Note, also, that between the dorsal columns the 
posterior tracts contain only a few fibers. 

The ventral columns from which the motor nerves arise are relatively 
small in Tritjla in the cervical region, in the white-fish they are very much 
mure strongly developed, hut in the spinal cord of the electric eel {Ot/mno- 
tvf, Fig. 29, C) they reach a very unusnal development. In the last case the 




.»*' 



/^ 



\ 




(' 



Tigs. M, 30, ud 31.— Slioning the diffcrrtnt dcjrrcea of devcln|ment ol the 
p^ nultor. J, 8[)tn>l coril of Vencimnn: Ü. of Trijflitt C, ol tittrnmuH»; tha 
iMt (rom A |>r«|w ration l>f- von Fritach. 
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ooluinn ID question contnine, besido« the small ganglion>cclIe which produce 
the motor nerves, — by clunf-e not ^hown in tlie figure. — a ma^ oi immense 
spherical ganglion-cclle: the Xuclfus nervorum tledricornm. Theee cella 
cerliinly correepond to « group of motor cella in other animals; but» as you 
know. Ilie electric or^nn vi Oitnmotus is ^uwn by location and elructtire to 
be dorivwl from maacnlar liseuc. 

AttifT tbeir entTance into the spinal cord most of the portcrior root- 
ribcrs soon enter the gray inatlpr; in part, however, they reach the gray 
mailer only nfter a longer or shorter course in the posterior tracts. It hag 
Ijecn found that n email number of the root>fibers actually pass through the 
gray matlcr, croaking over to tlie dorsal cithmin of (he other aide to end 
immediately, or tu end only after parsing alon^ the posterior tract of that 
aid« for a certain distance. Tb«w crosaod s«n9or>' nerves pass from one side 
10 the other in the C'ommiMura danialis med%iUa spinalis. They flTC Tory 
nnequaily develope<l in different nnininU, even in animals of related species. 
B«tid«5 thai, the commisfura dortalig i» uneqnally developed at different 
l«T«la of the cord. The number of ftber^i in it depends upon the s\ze of the 
posterior root», and from tlic proximity of this (o the point of «ectiou. 

A certain portion of the posterior roots i& not at once lost in the net- 
work of thv j^ray matter, but )>riK-et'x1e> farther Tcntrally to the region of the 
ventral column. Tbiä will be di^uascd later. 

h'inally it must be mentioned that in mammnlü n part of the senaory 
troct «mu« intrt t-onneelion with wlls which stand in direct connection with 
the cerebellnm through their »xis -cylinder*. Tlie«? cells nrrsTiged in long 
coliunn^-the column of Stilling-Clnrkc — have only been demonstrated in 
mamm«li>. Their prescme in fifches*. reptile*, and birds is. however, at h-nst 
probalik-, though tlieir certain idontiiication has not yet been siicce6nful. 

Kvmember that the doraal columns or posterior horns owe their exifit- 
ico to tlie entering rooti'. and that tin- posterior tmcte are little more tliaa 
ic continuation of roni-fibcrs. 'I'he saiiio thing ia true fur a part of the 
lateral column«, varying vhth difTcrent orders of aniniaU. 

Such are the ehameteristics of the .ipparatii« (hrough which the im- 
pressions of the outer world are rondiirlfd to tin- <-trntral system. Before 
tracing the course of the afferent imputes trithin the central syntcm, the 
»rigin of the m<Aor nerves will be deticrilied. That may be readily done, 
•ince the caacnlial facts have already been presented. Hemcmber that in the 
ventrut column (anterior bom) of the gray matter, lie long columna of 
ganglion-cell t whose neurnxons fnr the grnaler pari omerge from the an- 
lerior roots of the »aroe »ido, while the »iniailer remaining parts eroM over 
and emerge from the opposite root. As motor nerve«, they proceed on 
their co«r*L*. At quite regular intervalü the vpntral cohimns form ventrally 
pnyectiiig prominences of the apinal gray matter: the anterior Aorrw. Thej 
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slso nndergo an increase in siz« at places where ronn^ TiKit-fiber» leave the 
cord. Thus, ID animals with Icjz^ there maj be observed an enlar^ment of 
the spinal cord for both anterior and posterior extremitiea, the Intu- 
moMentio. corvicnii» and liimbnii*, rfii»i>ective)y. The difference in this 

,ro«pect between lizards and the tnake-like "blind worma" is clearly visiMe. 

'The enlargements are especially noticeahle in a siection of the spinal cord of 
the turtle, because these Armore<1 animal» have ver)* large nerrea to supply 
the extremitiea, while the thoracic nerves are very small. 

The columns of large ganglion-cells contain the centers of innerration 
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Ffg. 3Z.— I*rojcctloii upon a ]iliui« tit ilic «nun»erat«(1 gAnglion-cella of k 
frog''« «pinal cord. Tlic flgur«« ut th« right indkftto the number of Urn ooirr- 
apoadUiir spinal nerte. Nut« tht enormous incruue ot tli« number of celts for 
unis and it^ (After Birge.) 



for the iadiTidual miMclM. The« are arranged in groups. For the niam- 
nialian epinal cord the signifleance of a few of these groups is already 
kuown. It in known, for oianiple, that the ganglion-celU which lie nearest 
the median line inneiratc the muscles of the beck; and that a certain 
group of laterally Incnft-d cell* in the wrvical cord provides inntTvatinn for 
ihe musculature of tho thumh. This was found out by a careful study of 
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the spinal cord of such animals as had suffered — through disease or experi- 
ment — paralysis of a particular group of muacles, comparing the microscopic 
appearances with those of the normal individual. How far such observa- 
tions have been made in the human subject will be discassed later. 

The cell-groups in the lower vertebrates appear so similar to those in 
the well-studied mammals that one is justified in assuming that there are 
also in the lower vertebrates definitely circumscribed centers. 

The anterior gray horns do not, moreover, send all of their fibers 
through the anterior roots. It has been demonstrated for representatives 
of most classes of vertebrates that a very large bundle of fibres passes dorsally 
and leaves the cord by the posterior roots (see Fig. 33), 

Since motor fibers reach the sympathetic nerve through the posterior 
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Tig. 33. — Section through s[iinal curd of a chick, ahotving motor fibers to the 
dornt root (Fibr. mot, nd rud. dura.). (After Ketziua.) 



root-fibcra which innervate the musculature of the viscera, it is probable 
that in the above-mentioned fibers from the anterior horn we see the motor 
nerve.« of the vi^fct'ra. 

Tim two ventral «■! I -columns, belonging essentially to the motor sys- 
tem, and the two dorsal enlargements of the gray matter which receive the 
sensory roots produce upon a cro^s-seetion of the spinal cord of most verte- 
brates 11 gray figure similar to an II. 

The central gray matter, in addition to the several elements already 
enumerated, contains such innumi'rable dendrites and collaterals of neu- 
raxons from tlic root-cells that it presents a perfect labyrinth of meshes, 
into which enter the large traets from the posterior roots, and these, pass- 
ing through, ramify about the colls of the anterior horn. These sensory 



emiocTUBB or Tire apikal cord. 

elements, vliich Ue so close to tlie origin of tJie motor fiWre, vould be veil 
adapted to bring nboat din>ctly many Bhort rcflcxr» (see Fig. 34). 

Not all of the cells in thu spinal cortl nor all of tbu fibers stand in 
direct relation to nerve-roots. There are very many cell» which send thdr 
neurite, or axia-cytinder, out of the gray matter, either on the same or 
opposite Bide. Ueiially the neurJIo divides then into an Bgc«n(ling and a 
deecendiug braneh. Then, after a longer or shorter course, again, bending 
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FIf. M^ — Fram the eplnal rotd of a newborn uouae. (Af(«r L«nhoaaek.) 



bacic Into the gray matter, both branches« end. On the vay the main 
flranches have seat numcruus collaterals into the gray. Such colla are 
fitdapted to connect among IbcmselTes different levels of the spinal cord. 

Such neurons arc called e«Uiita eemmxxsumles. Jtlany neuntes from ench 

oommtSBural cells cro^i« over vcntrally to tho opposite side, forming a docus- 
[BBtion quite ventral to the gray: the dtctuiot-io wntralit of the spinal cord 

(Fig. 33, Dee. vmt.). At just the same place there are still other decuasating 
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fibers; namely, fibers from the auterior hom of one side to Ihe anterior root 
of the opposite ude; also in matniuaU men- central tracts. 

Among bony ftsbee and iii purt, also, among selachians, the individual 
elemente of the conuiuseum veutralis are no far dirided that one may often 
recognixv two quit« dietiiict (-ommissan?s. In the midfit of the gray aub- 
iUdcc one may see evcryvrherf^ long faecici«« of itiedullaled nerves paestng 
u|ivrard and downward. In part these serves are elongated fascicles from 
the roots, in part dehrativirf »f the commiEeunil m\U, and in ]>art fibüf» from 
other sonrcfts. Among cvi-Iutituiuus and some uf llie l>uny fishe» there are so 
many of these Ihüt it is not [lotnihle to trace a sharp line of diTision' between 
the gray ]ua(tLT and th*- prriplicral whitp nuiller. 

But iu nniat viTlcbratrs we find the ct-ntral gray matter of the iipinal 
cord nuTounded l>y white fihmuB tracts. The spot-es in the II (or X) which 
re|iT««ent the outline of the K^ity may be named m follows: Dorsal or 
posterior imcU, ventral or anterior tracts, and lateral tracts. That the 
portertor tracts are mostly or entirely fonned from ascending or deeceuding 
fibers of the poelerinr root« bus alniidv been nieiitionod. In the lateral and 
anterior tracts «e uiusl look (or iliosy fawiiles which arise (loin the ccm- 
miitsurat Cfllx sad whidi bring iiiln aiäociation different levels of the cord. 
Tlusc are u«ually called, in brii-f, the irads of the cttrd. 

Is ino«t vertebrate«, even ax low oe the fiühes, there lie very long tracte 
in the anterior coliuun. In fiHhee and lar\-al amphibians one may find, cloee 
bv*iitr (he jrray matter, one or tuyre ven.' thick fiben>: Mmilhner's l''0>(trs. 
Arii^iug iu the rranium, near the origin of the eighth nene — ^tlie nerve of 
ei{Utlibnition — frtitn gigantic gangtinn-eells, the axis-cylinder, surrounded 
by enorraouK medullary sbeath«. may Iw Iraeed as fsr as (he cutidal vertehr». 
where tliey emerge with the In.-'t sacnil nerves (KriiMch). When one recall» 
the importance of the caudal muRculalun; in the maintenance of equilibrium 
in bwimming onimab. h^ will rtreognize that the lauKculaturc in question ie 
in special relation vith the nerves of the ampiilla-. The apparent absence 
of theeo 6berfl from many e«l-like ß^lies (Haller) depends upon the ditfcreat 
method by which iliat form of Imdy maintains itt- equilibrium. In Fig. 29 
tbcM fibcn are designated hm Fihnr Acuilii-o^meralt». 

Thus far the spinal cord has been rcpresenlcd os an independent center. 
Ax is well known, it i« able to function ob Buch under many circHmatances; 
all eiperiinenlx^n decapitated unimalf hIiow this. Hiey tench that in the 
epinal cord are not only trad« for the simpler rcSexee, but that even very 
ctimplieated movement)^ inny be innervated from the spinal centers and be 
brought into activity reHexlv. When the deeapitateil snake winde itself 
alinat the proffered rapport; when the decapitated duck swims; or the 
deoipilated rabbit is able to make several normal leajis, it is not to l>e 
othcrwi« accounted for than that there are in the spinal cord complete 
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niL-i-huii i«iiis for pruducin); (lie niciTfmcnti^ which in lifu were repeated nuni- 
bi-rle88 tiniC'B. lu tJic expctimcDtfi cited these mechanism«, once etimuUtcd 
to activity, perform simple or succetisivo oombinationä of niovi'ineiit« in an 
oxnctly norraaJ wbj. 

Tlitf stüauli which readi the «jiinal cord from without — t.*., tliose which 
reach it through tla- scnaori' iien'c» — arc oione &iiflicient lo produce much 
thnt Tas formerly sufipoecd to he poseihlc ouly through liiglier peychical 
procc«B08. 

'I'jic activity- of the spinal cord can be i;iäucQced, rcj^tUatcd, inhibited, 
or stimulated by other parte of tho ceutrnl «y^tem. I-ct n» conifidcr, for a 
moment, tlio^ triicls which arc adapted to exert the «numerated influonoos 
upon the activity of the cord. 

The author's own invwligations ju«lify th« siatemenl thnt from tho 
selnchiaii» and bony fishm to the nmmina!« u ft-w traeii* are constant. In tlie 
fint place, thtr Kpinal corrl is nlwavä in roinmunicnliuu with the cerebellum. 

The 'J'racius ferebcUospinaU» in mammal«, proijnbly al«o Ui birds and 
rcptilee, lies in th« pcriphcr>- of th« ktoral cohimn. In fi«bc8 the author 
has traced it posteriorly, but did not clearly make out its location in the 
columns of the spinal cord. Tliere ia, however, proimd for the opinion tlial 
here, also, they lie in the lateral eohmin and may he reco;;nized again in the 
thick fihem which ar« to he soeit in the tatural culuium uf the spinal cord of 
Gtfmnotus (Fi;a. 31). 

Then there is always found a tract which ariacB fwmi the depths of the 
Thalamuuccptialon und paiMt's to tho anterior column«. It has long since 
JKcn known in the mammals, where it receives th« nam« Faieieultu longi- 
tufUnalis posterior (l-'ig. 44), 

hlnally it may be ncceittcd as higlily probable that a large tract which 
arises in the roof of the Meäencephaloo. in the tectum optieum, passes into 
the QtUerior lattral column. In these fibers, which in finhes and birda are 
e8|>ccially nmneroiis at their place of ori};in, one ho^i probiibly to deal with a 
Central eensory tract. At its origin it i» culled deep midbrain-marmu;; in 
its later coutw it is called the fiUet, or lemniscus. In the spinal cord one may, 
witli all «ertainly, recognize that fibers arise frnm this lillet where ecnsori' 
nema end. They ari^e from thoee colle aroimd which tho nerve-roote from 
the poeterior ganglia ranitfy. It was possible, also, to demoustrate, regard- 
ing the spinal conl. iliai for those eolls in the gray substance around which 
the dorsal roots ramify uxis-i-yliudera nriw which, after decu.'sation in the 
ventral commiBsure, \titt luwanl the brain in the anterior and lateral 
columns. Those libera arieinj^ fn'm commissural cells arc not yet with oor- 
tointy to be differentiated. It is, however, probable, on clinical and experi* 
mental ground*, that there is a crossed sensory tract in tho lateral columns, 
though the conclusive anatomical demoDstration of it is not yet accom- 
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plighed. Tlie secondary sansory tmct, — i.«., tract of the second order, — 
which armx from tlio crlls of the gray mslter and pass«« ton-ard the faimin 
in the onttTO-Internl column, is, in all probahilily, a pnrt of ihc- fillet, ending 
in the roof of the midbrain. The complete system ivill, in future, be called 
the Tracivs Iteio-spinaiia in the cord and Tractiu tedo-bulbaris where it 
comes into relation with the mt'ditllar or bulbar nuclei. 

In mammals there are. asso(?iat«d with thoBo abore mentioned, still 
otlier tract». Of these the most important of «II is the tract from the oere- 
hral cortei: Tractus eortico-apinalis. Thi« tract, as yet demonstrated only 
in manuualif, has n dilTerent position in th« cord in different species. It \\zn 
licen longest Icnovn in the human anatomy m the pijramidal tract of the 
iaUral column, or eroaud jn/ramidal triul. In. tlie mouse and guinea-pig: it 
liee in the posterior columns iiiiite ae»r the commiesura dorsaUe. In the dog 
and in all apes it lies in the dorial s^^ent of the lateral colunuu. In man 
a part of the tract passes alw in the anterior eohinms. Thie part is, in man, 
more highly developed than in any other mammal; in the lower mammHls, 




Tig. 3S.— .4, Sf|Hiuil foril of m do^ wbMe Tr. n>Ttico-()>insliit tins i]cg«neT%t«(l 
In caB»Fqit(>R(-i' of r^tiMiviil ot tlvp M'l'clitiini. P, Uiimim Bpiitul r«rd in whi<:h tfcc 
MiUrior ttiiil Uu-nl pTiKiniilal ItacIs (Tr. corU-Bpin. Int. ct Tr, ooit^-aplii. ant.) 
have m(Tm¥<1 degeiientUoB In eoateqtienee of «. h«mo«Thi^ in the left ovnrhral 
hunitplicr«. 



in fact, (his part of the tract itt represented by only a few fiber«. This part ia 
called the anterior or direct portion of the pyramidal tract, or the column 
of Turclc. 

One has tlie impresaion that these cortico-spinal tracts arc detclopcd in 
proportion to the meogure in which the ccrehrnl actirity is called into plajr 
in those functions of the extremities which are in no way instinctive, but are 
learned and onlttTated by the indiridoal. Fig. 3fi ehovra a human spinal 
cord in which these tracts are functionally destroyed through disease; nUo 
& dog'ä spinal cord which has suffered a loss of the corresponding' tracta 
through removal of the hemispheres. The dilTercncc in the development ot 
these trscln in man and in the dog ia apparent. 

It haa already been stated that übers pass from the white suhetance into 
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Uie gray, and that fibers from cells in the gra; matter jain the white 
columns. Rut in amphibiAns and fishc? there are other ctemtets not vet 
in«ntic>ncd. Xumoroug dendrite's p<us from the gsnglion-cellB out Into the 
white itiibslHno<> und mmify tlicre (oco Fig. 39). Thi> Rtime is true in the 
«mhryo of bird* und mnminaU, but in the adnlte of these clasiieß one Beldoni 
ündR Ruch dendrites in the white matter. 

Finally it is to be mentioned that in many lower vertebrates true 
ganglion-oelb arc found even in the midst of the white matter. There is a 
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Fig. 3it. — tk^^ion« of Iji« «pinnl cord from \argv imÜTidtinls of repreaentAÜve 
rertebrat« cUwm. A, Section from th« crocodilei C. Afrieamu. B, SccUan Irom 
thsoetrkli: SlntMo cvmet«». C, Sevtion from Ui« abwh: JTMlofw. 



targe group of such cells in the |ieriphery of the dorsal column in Cyclos* 
tomea and in certain ßtUiee, — the so-called "Dorsal ctlW*; and also near 
certain motor roots, large gangUon-cctls which probably tenA their nenritea 
into the motor nerves. A noteworthy condition which exUts in bird« ts irtilt 
lo be described. Here in the lumbar w^rmc-nt of the cord a tissue-niftss 
wedges itaelf in betwci'n the doranl columns, pushing these bo far asonder 
that it was formerly beUeved to be a true bifurcation: Sinus rhomhcidaMs. 
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It is evident that the plcments vhich coinpri»c the columtu of the 
spinal cord are of very diffcr«nt origin. That cannot be inferred from a 
eimple view of the croes-sectioii. If one ia to have even a general idea of the 
relatJODS, it is at leatit neceiuarr in <>vt-rv casti to m»ke h caruful oomparison 
of inaojr c-ross-iwctiunii ami longitudinal scdinns. Bui, tu gain a clear con- 
fr]>t of the relHtioris, an extended sludy, aided by enibryolngical and other 
uiL'thudiL, is nccc«sar}'. 

Those who arc ac<ntainted with the human ppinai cord only are 8Ur* 
prised at the great fiize of tho spinal cord frcqnc-ntly observed in lower verte- 
brates. The spinal cord is, in these cases, a quite independent organ, n-hoe« 
size depends essentially upon the area which is to be supplied with epinal 
nt'rves und only in very »mall measure upon the developmont of tlie pturis 
of the central nervous system. In the lower vertebrates it receiv« only a 
few fibers, and even in the liigher vertebrate« not many ßbcrs from the more 
■ntcriorly located parts of the brain. Tf one would cnnvince himself of 
this, let him compare in any large üeh t1]e small size of the l>raiii with tho 
relatively enormous size of the cord. The fisli Qadus <rgießnus especially 
possess a spinal cord which contains almost exclusively spinal element« and 
Very few cerebral. The former are highly developed because the extensive 
body-miificulature and fiurfaee reijuire a rich innervation. 

lliis striking rcliition miiy be readily followed even to the inaminala. 
The bmin of the hon* or ox i» much smaller than that of man, but their 
«pihal cord is more than twice as thick as the human cord. 

In this connection compare the accompanying sections (Fige. 3ä and 
36) of the epinal cord of repreacntatire vertebratca. All are drnwa to the 
same scale of magnification. 




Lkt u* DOW turn our atlention to thai part of the ceiiiral nervoiu» 
tjsitm which sapplies the region of the head with aerves. Itcuicmbcr that 
the trank portion of tlie nervous ej&tcu — the spinal cord — repreäCDte a 
more or lc«e indepradvat center, jotnud to the ccphuUc sugmvnt through 
Ufern] tract« varying Attion); ilifTerent clwscs of nmmak«; that on animal 
can live nnd cnn make approximately nominl movomonte after the epioal 
«ord has been completely wvered from the cephalic pari of the central 
nenrotis 8y8t«m. Indeed, if the cephalic portion., which contains im- 
portant nerves for reapiratiou and circulation, remains intact, and if 
the animal be protected from certain damaging conditions vhich mani- 
fest themtelves under auch ciKiuneUuiceä, iu existence will not be inter- 
rupted through the complete loaa of the trunk portion. This is Inie even 
for monmals (Ooltz); for lower vertebrates it iti probable that even the 
cephalic portion also may remain functionless for a certain period without 
causing death. 

We come now to the consideration of the complex of nerve-centerB 
•which are associated with those already de^ribed and which are not phj-BJo- 
logically dependent upon thrm. though they may he influenced by them or 
mar, in turn, influence them. 

At the ccphnlic end of the spinal cord one may notice both macroscop- 
ivally and micro^popirailly marked changes of siriicture; the »pimil cord 
merges into the Mcdntla Obtongata. These ehniigps nre with alight raha- 
tiona Bimilnr to all classes of vertebrates; but, among the lower vertebrate« 
in which the branchial region is to be supplied with espwially large nerves, 
the changes are much more apparent and clear than among mammals. 

One always observes tliat the posterior columns diverge from each other 
and that the commie^ura dorsalis, just below them, and the adjacent gray 
subntauL-c about the central caruil nre visible. The dorsal closure of the 
central canal of the nerrous oystem in effeeted by only a thin membrane. 
Pa.>Ming anteriorly from the point of divergence of the posterior oolumna 
IhiH membranous roof becomes wider and wider with the continued diver- 
gence of the columns. The widened central canal is the fouiih vetUnele, 
and the membranous roof — the Ttia ehorieidea positrior — meiges anteri- 
orly into the Formalio terftMÜi. 
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Besides the chaiif,'^» abov« noted the nervous system is much greater 
in cross-section Üurough the medulla tlian at uny point posterior to that. 
Tbl» roay le attributed to two ciTCUin^tuncvä: (1) the appimrance of th« 
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V\g. 37.— Sa|[tlUl Mdioa Af «n omphibinn bmia ft littla to on» «id« af tha 
OlcäiBB plane. Note tbe contintiltj of Ui« Tela chorioido) iKutlerior «Ith tli« 
oprvbollum. Nol«, rIio, tb« «mplc fold» nl t)ip Tpbt, imlicstiiig thnt iU »urfao» 
b ir»i«h gr«fttCT than neecMarr to cw«r Utc fourtb vcntricW. Mcit. spin., Sptiul 
cord. yadtA , UeduUft oblongaU. IHnUrhirv, Floor of c»r«bel]uni (pons). 

Formath reiimlarU, an "AssociAtion-sjetem" of short ßbere, which is to be 
mst at any point between the spinal cord and the base of the Thakmen- 
cephalon, but nhJch ia eapccinlly d4>v«loped liere; {3] the presence nf nerve- 
centers. Within the skull there «rige within a verr short space three very 
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Ttg. 38. — Brain of Cadiu aj/lrfiuu». Thoso paru ii bich «lu not belong directly 
to <Tnttul ncixt» are thadrd. 



large nerves: the Vogue, the Actieticits, and the Trigeminus. Where they 
tojce their origins — i.e., at the location of the nuclei — ihe central organ is 
Tiatiirally much enlarged. The rich cerebral and cerebellar connections to 
•nch Dcrve-centen bIm odd not a little to the volume of the medulla. 



THE OBLONGATA AND THE NUCLEI OF THE OBANIAL NEBTES. 



77 



One usually has little conception of the great size of those parts of the 
central nervous system which are in connection with the cranial nerves 
among lower vertebrates. In the brain of the fish Oadiu cegUfinua (Fig. 36) 
the nerve-roots alone aggregate a much greater mass than that part of the 
brain not in relation to the nerves in question. 

Sections through the medulla of fishes show that this is, for the most 
part, simply the origin of the great cranial nerves. All other systems of 
fibers are, compared with these, quite in the background. There exist also 
within the medulla several special centers which are in relation with the 
cerebellum and with the acusticus. 

Finally, it is to be mentioned that this part of the nervous system is 




Fig. 39. — Dorsal view of the Oblongata and cerebellum of the sturgeon; 
-IcipCTWer ruthmug. The Tela is disBected off and lies at tha left Note the 
large nuclei of the N. trigeminuB, the N. acuBticus, and the K. vagus. (After 
( joronowitach. ) 



traversed by those tracts which pass to the spinal cord from the regions 
anterior to it, as well as fibers from the same source destined for the medulla 
itself. 

These notable changes which appear at the cephalic end of the spinal 
cord are still more apparent on cross-sections than in the outer form. 

It may be best to choose as the first object for observation the medulla 
of the amphibian larva, because of its simple structure and its gradual 
differentiation from the cord (see Fig. 40). 



ANATOMT OF THE OEKTHAL SEETOrS STSTEIC. 

Here the gray matter is coastructed almost excluKvelj of that heaping- 
ap of Deurobliiflls of which mention vas made while dieciisstng the em- 
bryonic development. Id sectioo A of the figure one recognizee the anterior 
and poeterior columns of the spinal cord; but, since the section is from 
the c^rvieal region, it ia noticeable that the doreal columna toneh a much 
^eater pari of the peripher)' than is true at, a lower level. 

In section B the posterior horns diverge from each other and Ihe daraal 
opithoUnm of the central mnal is used to form the Tela chorioidci. 
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Fig. 40. — Foor sKlitins Uirougli the niodullA of a [ouT.Mmimotar Iottil 



Now, on cither aide of the Tcntricle lie gray misses, destined, like tlie 
pofterior horn« (col. dorr.), to receive sensory nerves. In figure C such a 
narve — the Vogtw, which enters here — is represented. 

Note, at the Mmp time, the increaae of the posterior gray column {eat, 
ifopf.) aa the point of entrance of the Vagus. Still farther above, nt />, Üie 
great Acusticua entere with one of its roots: and now one aces the relations 
of the spinal cord quite changed ; but a single glance backward of the figuret 
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MTealfi to which portion of the gray matter the latoral margin of our prepa- 
ration conesponds. 

The anterior horns ol the spinal cord are no longer dear in B', bnt 
here, and even better in C, note that filj«re still »rise from them. Id section 
A they have given oil the left wrvical nerved fimoiioning as fIx/pogJwitus. 
In C thej send, also, dnrsal motor (iher», which turn to maki- the motor 
root» of the Vagus. The cell-coliinin of the anterior horn remains intact 
for a greater distance; higher up the motor fihcrs of the I-'ccinlts arise; also 
thoeo which join the Trigeminus. In the nucleus of the lacinliä vc fatTc 
probably to do with another cell-group than that in the nuclcug of the 
VaguB. 

Let us now turn to a more complicated section on which may be demon* 
8trat«d several of the especially important reUtions of th« beginning of the 
medulla. 

Fig. 41 presents a section through the lower end of the meduUu of 
Cepkahptera, a large ray. Note the rontrul columns, or anterior horns, 
from which arise ncrrc«. The most anterior pair of cer^-ieal nerve«, which 
supply about the t^me region that in higher animals is innervated by the 
twelfth pair of cranial nerves, — the Hypoglossus, — «rises just Uke other 
spinal nerves. 

The dorsal columnit (poelerior honie) are still to be seen, but it is 
already difTiciitl to trace their rcsemblanc« to the typical one» previously 
described. They arc much bi-oadcr and changed to a looser, net-like, gray 
substance, upon which reet« a etriking crescent-shaped nucleus (I'ig. 41, 
Fun. post.). Tho appearance of this long, trough-ahaped structure, which 
reachet^ far up under the cerebellum, is charaeteriätic for the upper spinal 
c-ord and the medulla. Higher magnificat inn donionetraies that this note- 
worthy nucleus receives along its whole course ßne fibers from the surround- 
ing mass of fibers; and when »ue follows them upward one can trace Ihem 
to the place where the Trigcminua courses from ihc Onsiseriun ganglion into 
the brain. Xow, for the first time, one recognizee with what he is dealing: 
a great faacicle from the sensory ncrv«, which passes from the ganglion 
down into the cord to end in the above-described nucleus. This fascicle 
is called the Radix spinalis TrigBmim ; the nucleus at the end of the dor^l 
horn is its terminal nucleus: Snbsianlia gelalinosa liohndi {Fig. 41, yuel. 
iV. v.). On the m«^an side of this nucleus lie filwrs from the posterior 
columns (Fun. post.). They inclose, in turn, gray ranssi-s, located when; in 
the cord the posterior columna lie, here called nuclei of the posterior col- 
umnn (nncl, fun. post.). In birds and mammals the existence at nuclei into 
which a considerable part of the posterior columns enter is establiehed 
beyond donbt, as will be shown later; but in fishes and amphibia it is not 
absolutely certain that a similar condition exists. In tlie Cephahptera it is. 
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thoreCore, with some beaitation that I designat« this Btnicture as the 
"ondeus of the [>oatvrior Cültimm." 

But the greaUMt differeiiw bi'twcen thia section and one of a tj-pical 
spinal cord u the fact that in the space betwocu aiit«rior and poetorior horns 
iuiiunifiniblc oommiit^ural c^Us have made- their appcnrancc, cells whM« 
large neuraxons, arranged in ^mall f<t»ciciili, pfl£s upvard through the 
medulla even into the MeeenccphaloD and Thalamonccphslon. This h prob- 
ably a great »yetem of associaiion-Abers which cooneet eertain luveU of the 
cnoiaJ scgmeDt of Ihe ccntml ^v^tem to «ach othor äud with th« anterior 
eod oi the epinal cord. I'liis »j-slcm, which is siiuilarly located in all «ni- 
luala, is chutotcrisUc of the Medulla, and it well adapted to be the organ 
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fig. 41. — SMtion through th« meduU» oblongata ol ft Bafi 
the OtpAaloffirra ttrnpua. 



of tboM moit intioutety co<ordinated functions whose seat is in the Mcdtüli 
Jji the tiguri' thia region ih designated as Traetus brevts. 

Without doubt we have to deal here with an increase of that structnro 
alnadjr detutribcd wilh the »pitial cord n.« llie cellulie coDimieguralod and the 
tmots arising from them. Ab in the bpinnl cord, so here there exist fibers 
of short course, crosaed and uncro»sed. The rentiml commissure, small in 
the spinal ctiird, natiirsllj' becomes much increased incident to the increase 
of the whole system. Lt is kuiuvrn from this point up to the CorpuTs Quad- 
rifccuina as the raf^i dttmsadon. Within this decussation, as in the 
•pin*] cord, ore croaa-Jibers of other categories than thoee which arise from 
the eellulte contmiseiimle«. Kiit thi>se will be dcjtmh^d later. 

The area of association -Hhers — i.f., the Tr. brcm of the oblongata — is 
just as welt developed in the lowest vertebrates as in the highest representa- 
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tivi's of that brunch. In tlii« coimuction compare I-'ig. 41 wiih Fig. S30 
{Froasaua reiicularii). It is evident that wc have here to deal with the 
anatomical basis of very aiiuiUr functions. Through this tract of associa- 
tioQ-fibers the Qhen which pass from th« spinal cord to the coi^l«lluui, the 
Mesencepluilon, and the Thalauiencüphalou are pushed lalvrally toward the 
periphery. Note in Fig. 41 the loeatiou of the Tr. ccrebcUo-spinalcö and the 
Tr. ttcto-tliaIamo-spiiinU'6. 

Th« Tr. ti-tito-epinalct; contain, as wa« previously «hown, cro*i«.-0 tracts 
from the terminal nuclei, into which thv senäory üben of cpinaJ roots 
enter. They are, indeed, a sueondary scneory tract from those nuclei to the 
roof of the Mesencephalon. In the medulla they arc joined by the much 
larger bundle from ilie terminal nuclei of the erauial nerves and the now 
much enlarged bundle, which «lay be subdivided into numerou» parts 
properly designaled by the terai Tr. teftospinales et bulbare», or uioro 
briefly the English name Killet. The Fillet undergoes a further iiiereasa 
in the medulla. It comce from the nuclei of thv epiital and cranial aervca 
of the opposite side. Bear in mind that in many vertebrate* a large part of 
the posterior root-fibers doe» not end in the gray horn*, but ascends to 
the medulla in the posterior columns. It enters the micleui^ of the pos- 
terior column, which replaces the column at the lover end of the medulla. 
Id birds and mammatB in which the nucleus is very large one may de- 
termine with certainty that from ibis uiieleus a system of arcuate fibers 
arise, which traverse the medulla to the rapht, crorfs lo the other side, 
and join the Tr. tecto-spiuaU-s et tecto-bullarc«, irhieh i>ass toward the 
brim on cither »ide of the mc<lian line. 

The fibers in quealioa — Fihrte airuata interna' mtdtiUa — are notht 
els« than a secondary tract from the points where the posterior root-fibergl 
end. They are the last of the sensory nerves to cross to the opposite side of 
the central system and imite with those that crossed in the spinal cord. 

The fillet, or Lr.mnifrun, thus increased occupies a large field in the 
ventral atid lateral part of the medulla. 

So we have to deol here with tracts which, coming from the midbrain, 
reach the terminntioti of the senson,- spinal iierre* by crossing to the opposite 
side of the medulla asarcnate fibers. Keep this in mind, for in the mednlla, 
where the nenes have such large nnclei, we shall frequently find such 
arcuate fibers and be able to trace them into the fillet. 

Id the oblongata »f the adult Triton iV\g. 42). which is choaen hecauaa 
it is closely related to the salamander larva ^hnwn above, you iwc thai 
arcuate fibers from the region of the nncleu? of the posterior columns well 
developed, and you recognise uIimi, that thi-y [>a$s To an area on cither side 
of the middle line, whieh is filled with aevpn-d fibers, while many of them 
cross to the opposite side in a ventral d<>cussat)on. It is not usually poasible 
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to follow the whole course in a single section; tim» the acconi]>«nyiiig 
agmrc barely shows the relation between the »rctiatc &hcn lUid the deeusM- 
tion. 

With this survey of the innre imporlÄDt eonstilupnt« in the croa»- 
seclion of Üie lower end of the medulla, it will be pbav to understand the 
opiMipite figure (Ftg. -13), which shows a *imil*r section from rhe medulla of 
£n alligator. 

But what of the fibers of the anterior columns which were found in 
the spinal cord? In the «eetiuu of the incdullu of the ray (Fig. 41), tliey 
occupy exactly the eamc pot=ition m in the apiual cord. A part of these 
fibers pa«, indctd, into the fillet, but nu>i?t of them form a thiek eiilumn, 
very ethking in mo*t eections. whieh niaiiilaing the »ame locHtion through 
the oblongata, eyen inereaeing in voluinc. This tract — the Fasciculus 
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Tig. 42,— Croit-wctioB tlir..!ij:ri int- i'ii)»ngB(« of ■ inature Triton. 



hn^lu'linaiig poetrrittr — may be followed to the base of the Thalamen- 
cephalon. It appears to receive fibers from all motur nuclei throughout its 
long course. Begeneratioo ex])erimei:it8 on mamnialtt teach that the fibers 
arc, for the moat |«rt, *hort one«. In Iwhes, ampliiUia. and reptile» thia 
faariculiiii i» one of th«- larsfst of the medulla. It occupie» the whole floor 
of thL' fourth ventricle, aa you ttx in the eturgcon (Pig. 39). 

In the mid«t of this tract in aquatic animals arc the prcviouEly 
deecrihed thick fibere — Fibm afuslieo-tipinalei — frnm the neusticue region 
to the caudal mueculattire. These fiber« may be seen in Figs. 40 and 4S, 
Fig. 40 /> ehowiog the deeiti^^ation and the large terminal cell {cilluta 3t. 
Ftu,) from which on eil her iide the fiber ari^eä. 

We have now located in the medulla mo«t of the tracts preriously 
known in the curd. One iuiporlanl tract remain« yet to mention: the Tr, 
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certico-spinatü. This tract is prceeot only in niaiumalit, and nrill, therefore, 
he specially Irojited Inter under the desoription of the mammatiAn hriia. It 
nuiy be staled here, however, that its fibers begin in the medulla, for the 
inost part dectiRünte, mid then, aa twn lnr;ic <^nliininii, — JA« Pyramid«, — lie 
Tentral to the anterior roliimnsBnd the fillet, making therpn eimple nddition 
to the picture »hirh ha» alrpadv hcen presentee!. Freqtifmlly a child is 
bom without a cerehniui, and it lacks, therefore, the pyramidal columns, 
nnd itt) mediilla is Biniilar to that ot the other clateee of vertehmtea. 

One meeti* these fiber-systems in all sections of the medulla farther 
toward the brain, until the cerebellar tract furns toward the cerebellum 
and the tipinal pnrtiwis of the cranial nerves pass out of their respectiTe 
roota. Furlherniori', bundjf- aft«r bundle from the proeeesiiü relicularia 
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Fig. 43. — Fmni tlir muiliil rn<l of The Ohionjtiktn of Alitfftilor tudHii, Mot« 
Um «rl^n e( «i* HypAf^ouu* (A*. XII] (roni (ho unti^rior horn (<wi. rwilr.) «nd 
tbe tCTmlnal du«)i^!) of ihr Trigrmmu» {nucl. irrm. ,V.V. «j»(».). darw-lateral 
t4> which lit« tht> TrigMniiiiiii root {Sad. »fiin. V). Note, ale», liiv nucleus of 
tkc pCTterior cutumiu (smcI. f. dor».}, in which ihe laKiciilii* from Ihc pcxtcrior 
root end« (f'lin. dor«.). Furllier «tudf of tbe flgur« will leveal autay fmlur«* 



{AesoeitUionS'ftitJ) o{ tlie uu-<lullfl eade, asd humlle after bundle ariae« to 
end farther forward. Uowcvcr, the wction, aa a whole, Tariee little as to 
the part» already dc«cribed. 

Rut nnolher factor eaii»ea very marked chnngee in the ftmcturc of 
the medulla as one studies sections near the brain; namely, the nuclei of 
the cranial nerve» and the areiinte ßbere. which pn«« into these fmm the 
ßUet and from the rerebellnm. 

The study of the nuek-i of the ernninl iiem-ä in the medulla speaks 
conclusively for the position already taken that tht-re is in the animal Iting- 
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dorn DO mch tiling as a braia which ia throuj^hout of a higher or lover 
degree of d«v<;Io]niii'nt. Now here, now therp, certain parts of the bnin 
are more developed, «nd this development depends in no way upon the 
pusitioQ of the aninul in the pliylogenctic series, liut eolely upon rcquire- 
inentK: i.e., upon the äomatie characteriBtics vhich the animal hae actjuired 
in this or that region. 

You It-ill find that the bitny fishes posäe^a an exceedingly eimple hratn, 
irfaich is not at nil I» be L-oniparvd with that of man. Bitl these animals 
pobM« not only much larger tenmnations for the optic nerves tlian does 
«ny mammal, Init the ncrvp-niiclei in iti medulla have sueh a devclopineui 
and Bucb eompliiiileil relatione tliiil the same structures in reptiles, birds, 
iBi] mammals seem, in coinpnmon, very smnlLand simple. 

Thu» the anatomical picture of the medullar nuclei of the cnnial 
nen-ra varies much in the animal kingdom. I will, therefore, try to present 
a few fact« which are common In all. 

Let lis divide the cranial nerves in question into two groups: a posterior 
group, including the Hypoglo^tut, the Accessoriug, the Vagiiü, and the 
GloB&o-pharyngeuü; and au anterior group, including the Facialis, the Aciu- 
ticu«, and the Trigeminus. 

If one views the cruniiil nerves only from the stand-point of tbe rela- 
tions of their deep origin, one imds, throughout the whole animn! kingdom, 
an astonishing simil&rity. For example, the terminal nuclei for the cranial 
nen'CA are, in tifhes and mammalia, located the same. They vary consider- 
ably, however, in the way in which the roots leave the central eyetem. Suh- 
eequent lo the origin of the nerree there takes place the most varying com- 
liiiialions of the roat-fibers; eo ihai the teriain trat-ing of them to the 
»urface of the brain is, in the lower vertebrate^ a task on which cumparatiT« 
morphology is atitl at work. For example, the Facialis is sometimes bo 
mixed «ith the fdiers of the Tri^miiiu-^ that it is only in the distribution 
at the periphery that it may be dillercutiated from that nervo. 

The ventral columns of large ganglion-cells have been located as the 
origin of the motor nerves of the spinal cord. This ccU-column may b« 
demonstrated from the sacral region to the medulla. U coasii^li; of a series 
of nerve-nuclei between which lie couiraissural cells. It is advi&ahle to 
separate this column into two aeries: a more ventral one (Anterior-horn rone 
of Hi?) and a mon- latcml one ("ijiteral-horn zone"'!. From the first arise 
the HypoglohsMs and all of the anterior roots of Ihc spinal cord for th 
tnink-musculatiiM-, From the latter arj« principally filx-rs which are de- 
voted lo Ihi* motor innervation of the vi*rer«, only in the medulla. Thei« 
lateral-horn fibers become separated from the antorior-horn fibers and leave 
the medulla na motor fibers of the Vagus and .Aeoessoriup. Fanher down 
the spinal cord they leave with other fiberc of iIr- anterior roots. According 
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to Gaskell, tho latter Ghere* filter a mü«] ijpinnl nerve, whilu the former 
enter the S>inpathcticu8. The inoet oenirell; located eo^ucnt of the motor 
coliiDitM pi\)<luce itom Lheir Inienil divittione the X. faeiiili^, Thu maisetcric 
branch of tht- Trigi-riiiinie reeeiTes its fibers from cells which belong to 
both lalKHil aiitl veiilral JivieioMÄ of the motor euhimii. 

llic posterior honw of the gray nialter art- iiUo continued through the 
medullii, where they arc cutToaL-hcd upon by tht* Vogus, the OIobso- 
pharj'gcUK, the Acusticiis, and the Tri;jcraiaiis after their origin from the 
nuclei. It «-as noted in Trigla {l-'ig. 30, B) that, in the tnink-segmeni, 
wherever tlie Kcuforj' nerv'es are especially strong the terminal nticlel arc 
enormously hypertrophied. The same is cjnite genernlly tho case with the 
terminal nuclei of ilie lar^c uicdullar nerves. One of the^c — the longi- 
tudinally extended tenniual nucleus of the aplnnl root of the Trigeminus — 
has already been described. We have now lo do with a tract wliich, from 
its origin in the Catecrinn ganglion, pos«c« far back, ending in the cervical 
portion of the spinal cord. Such tracts aiv designated dfscaidinn Irads. 
AM &enw>r>' nerves of the mednlla have such, hut in no other case i« the 
descending troet so large or so well known as in the Trigeminus, Knowing 
that nil posterior nerre-rool* after entering the cord give off a descending 
twig to a part of the gray horn lying farther posterior, one will not be sur- 
prised to ilnd a similar thing true in the cranial nerve-roots of the medulla. 
The most posterior cranial nerve — the Hypogloseus — has already been de- 
scribed. It arises from a cetl-group in the anterior horn (see Fig. 43>. 

From the same segment of gray matter, but from a somewhat laterally 
located cell-group, in reptiles, bird», and mammals, arise fibers which, pas»* 
ing iHtcrally, leave the central system as the AceesBoriiis (sec Fig. -13). 

In the lower vortehmtes thin nerve arises tilmnpt in the same manner, 
but its ßbers usually pai^ higher and leave the medulla vilh the Vagus, 
joining the motor part of that neiTe. In that ease there is no reason why 
one fihonld not compare the most posterior root of the motor Vague with 
the Acceesoriua. 

The Vague itself poeeee to the dorsal mai^n of the medulla from the 
Ganglion jugukre. It penetrates the fiber-system that here lies in ite way 
(i.e.. the Fibra; areuatie internie arising from the nucleus of the p(»sterior 
colummi); alKO often the ascending spinal root of the Trigeminus, and ends 
there in a noticeable enlargement of the gray matter belonging to the pos- 
terior columns farlhiT Irnek. Thif« may Ire readily seen tn the accomiianpng 
figures from the medulla nf h gold-6sh. 

In the figure one notes that the terminal nncleus of the Vagus is rela- 
tirely tery large: it has to receive a much larger nerve than in other verte- 
bratee. A veritable tumor — the Lobua mrri raiji — results here. 

In the brain of the sturgeuu (Fig. 39) the nucleus of the Vagus is 
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r»iblc noly a« an i-lungatecl pniraiuence. and iiiltirds and mnmmaU it FonnB 
only tt »light prominonce on ihr floor of tlu- fuurth vuntric-le (compare aUo 
Kig. 52). 

Froni the vpntrnl eiJe Rhen enter tli» ragm nuelt^n» which cro«8 over 
irom the oppo«ite side. Th^ dccu^isation is eo striking in Sehcs that one 



Fig. 44. — I^iiitUl ■rvli>>it liii'xj;;!! brain, meduDH, and iipjier votd of a jroun^j 
cf priiwid of four-cfntimctn-ii' length, «howjn^ ihf count« of th« Kuciculiu loi 
tod Enal U pMitcriur. 

may rcatlily ttee its white fillers vith the unaiflvil eye. Wo har« to deal here 
with n fHficid« to tin* fillet. The nurlei <if all (-rniiial nerves |»itweiw audi 
(Kijj, +5, Tr. ta^o-lrci.). Furthermore, the sensory nucleus of the Va^^us 
roceiTCfi an accretion (Mpecially large iii fishes) from the cerebelhun whers 
decuseatiwn takei^ plac-u. 

\n Ihe higher verlebraie^ aku, there exitile a vago-vereU-llar tract, but 
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Fij, 4*.— TVo Mctiott« from llic mi'dulla of ■ joung Kuld-flub— ('(rprlnii» mrrtifM 
four rcnliinrtfr« lunj; S«-. A la III« mor« [lusterior «( the two. 



in nuimmalu nt lenst it pNSNeK out with the root-fibera diiUL-t, In fishes and 
nmiihitimiio a jwd of lln' filwr» o( the VayuB tnnervale the »kin just liko 
senson- »pinnl nenes; hut in the hijcher vertehratc« the scnsorj' part i>f the 
TBf^s contain» only eensory nerves from the riwcra. 'Hie Va^s contatna 
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motor fibcn. K(.'(.-ull that Fik- 3-1 ahowE fiNcrs from the cells of the 
"ratcrior bora to the wnsory root*. When that ti>rurc wns under diaciisaion 
your itteutioD was ealled to thü fact that we probahly have to deal here 
with motor «lemcntä to the vi^cpral tracts. To Uaskrll is dite the rredit of 
having ghowti how the motor tnicU for [he Vajnis difTer in no way from 
those already described for the spinal nerves. (Compare Fij;. 34 with 
Pig. 46.) 

Jij8l m in the chicken thv multipolar cell near th« anterior horn sendfl 
its netirnxon out in the portohor root.. &o the simiiarly located motor nucleu».^ 
of the vagus ecnds it« neiimxnTiK to tho »enHon' vaRits root, which ia the 
homolopie of a posterior root. The raoior vag«s fibers nre essentially 
equivalent to the motor fibers in the posterior root. They arise from a 
nuHeiw whirb. in ß»hes, lice dor«al to the nuctctu of the Hypoglomiiis. but 
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40.— Mubir uid M>niiurr vagum nuclniu of .Itltfftilor iui*«i»f(j>|»{eMff«. 



in smphibiana, reptilüA, and hinls lies ventrolateral to this. To l)C eiirej ' 
the origin of the vs^uü Hbem is frrquenlly not sliarply ditlerentiated from' 
that of the hypoglossun fiber». The uurleiis u the motor nvehut of the 
Vagiui. It etends root-fibers to the Mime and to the opposite niäm. The 
deeuHation tabec plnre very near the lloor of the fourth ventricle. 

That a part of the vaj:ns root as a descending fascicle ends in the gray 
matter somewhat posterior to it« entrance }\as l)een mentioned. 

In th« region ui the Vagus a ^reiit number of rwt-fibcni enter the 
inedvlla. Jt is not witli certainty decided whether we are dealing hure with 
a single nerve or with a fused eombiiiaiioii. Only the most anterior of the 
Benaory nioi« of the Vagus, ulway» smuewhut Bi'iiarau-d from the othen; at 
the uurfncn of the medulla, ha» iL been thoti^bt nec-v^sary to separate out as 
n dislinet nerve; the Glotso-pharyngeug. 'tTiis nerve, in nil vertebrates, arises 
only in a small part direct from the gray maitcr of the epinal cord. A 
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gr«ater purt hecomcä al once inclosed in a fascicle with several vagus roots 
ond passes toward llic spiual curd. Tliroughuul tlie whole courae as far as 
Ihe tirel cwrvical nerve it is to In« inieeil as a separate bundle. 

Tlie HattiT hKlin'SpitiaU'fi Vas* '' Glasso-pharynfjei gradually buries itself 
jast Iik(> the hiilUo-üpianl root oi xhv Trigeminus: in a thin column of grnj 
mattpr which lir£ nrar it throughout its wliolc course. Tliat is tho bullio- 
Efiinal terminal nucleus of this nerve. The fascicle is easy to Sad, ventral 
from the senaon.- nucleus of the Vagus, 
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Fig. 47. — Refciun of lli« Mitrano* cl the CloBBopharyn((eu« of a fOUBg spar- 
row, In which tho development «1 the mcdultiiry ncntr ihi^tlu b not jtt 
comptel«. 



Tho spinal cord offers, cspecially in fishes, numerous good «xamplea of 
tho fact (alrofldr cilefl in the description of the spina! rorcl) that from the 
small primitive fiindnm^'nts are developed exceedingty important structnre* 
nccortiing to the various development of the peripheral orjpans. It is only 
with dilfirulty that the nuiture structures can be traced to their origin. Tho 
angler-fish — f/iyhivs pitcniorius — poaseeaesi upon its head, lateral linos and 
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tufts, iniiumrruMv ik-lJcatc tcaMike appcndag» of tlic t)an which completely 
mask the lazy ambußliod fish, so that it app^rc like a flat stone OTerj^rown 
with lichen and corals. Lying thus in thv iuihI the angler let« its vortD-like 
decoy float above it. The whole eutaoeous rifgioii involved in these cnrionB 
BtructureÄ ie, in fishes, supplit'd l)y the Vapu» and Trigeminus, Pritsch, to 
whom we are icdc-bted for much of our knowledge of the fiäh-brain, found 
that Ihc nuclei of theiic nervi'S in Lophliis — and in this fleh alone — were 
sapplemented hy immense paiiglion-cfU» whi<-h sent their neuraiona into 
the nerves. We have to deal here, evidently, with hypertrophy of the 
dorsal cells which lie near the periphery oi the cord. Thwe cells «re so large 



1%. 4& — M«dulla. of the TarjMdo. Section from the r^on of th« vaga» dimIoiu. 



tn Lophiuf that they r-e(jiüre for their 'nutrition separate Httle capillaiy 
loops, which lie among the cells. 

But still more interesting is the mucli-studied large nucleus which ia 
found in the electric ray, far forward in the fioor of the fourth ventricle, 
projecting into its canity. This nucleus gir« origin to the electric nerree, 
one on each side. This paired «ructure, frequently fused anteriorly, con- 
tains besides several small multipolar cells, a great number of gigantic gan- 
glion-cells, which all send their neurasons out into the electric nervea. 

With our present knowledge of the nuclei of the selachian brain it is 
difficult to gire theec structures a positive interpretation, but the prob- 
abilitica indicate strongly that we have to deal tiere with nothing else than 
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an hypertrophy of a part of the motor vagus nucleus. The electric organ 
of the Torpedo is modiüed from a part of the head-musculature. £nglenian 
has, in fact, been able recently to show how the electric plates of the electric 
organs develop directly from the uiuecle end-plates of the modified motor 
nen'es. 
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TUK MtiDlTLLA (Coniinttf^). 



At th« leT«) where the Olosao-phsmigeus root« pus kteralljr to resell 
the surface of the mudiillii oitp tiuiv re<:»giiize, on the modinn side of them, 
a n«»' nucleus: an aciislirns iturltus. 

This IB the region of thf «rigin of that cniiual nerve whose relation» 
■re Ipnst known in the lower Tertehrates. The invest igations o( recent 
Years h&ve finally matlt* the Acnatirus hettcr iinHpretood in mammals. But 
even in hirdti and still ninre en in lower vert«l)i-iit<^ we have to depend on 
what may be learned from sections. As yet, no one has attempted to study 
so extreiiidy üompliciiU-d ii iiervt- Hy the d^generaliou-mGlIiod or the de- 
velopment-method. But suL-tiott'i alone at Lhis level ol tlit' medulla where 
the stnieture Ik m complicnced give, only too eufiilr. oecssion for miFinter- 
pretations. I \t-i!1 ai prcftiit. tlu-ii. cunfine myaulf only lo that which bos 
heeo with CLTtmnly t'ftahlislicd. 

The Acusticiis nlwa^'x t-ontnin» onv portion which passes to the vesti- 
bule and one to the oohlea. The first, which «upplie« the Inbyrinth, i«, as 
niiineroii» experimeiitors huve demonstrated, of ^pceial importance for the 
ninintenaDce of the ctjtiilibriiim i>f the body. Ewald's experiments have 
shown how every tliieluation of the tliiid of the lymph lead^. throiigli the 
«pency of tliis nerve, to ihe disturbance of the equilibrium. They have 
aläo proved that the vesiibule is espceially important for the raaintenanee 
of m(i8cle-t«nua throughutit Hie body. Tlie cochlea is only slightly de- 
Teloped in ftibcs, but in bird» it rtaehe* a fair development. Corre&pondinjt 
to these obser^Titions the majority of the fiber» of the auditory neni-e po t*> 
the labyrinth nrd Rneeule. In niamni»ls. for the fir«t tinii.', the jmrtion of 
the nerve which supplies the cochlai bcronies large 

In the brain one may recognize thai in all lower verlebratw the major 
part of the auditory nerve ends in a strikinj? knob-like nticlcia, which is 
laterally located in the medulla wherv the peduncles of the cerebellum come 
dovm. Lodged in the angle between the medulla and cerebellum and as 
high up the Tertebrate scale as t<> the birds, always covore^ with a formation 
similar to the cortex uf the cerebellum, lies this great nucleus of the Aciuti- 
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CI18, and receives on it« rentral side the fibres of the anditoiy nerve. Th«N 
filiCTs divide at once JnCo asrending and descending branches and traTereo 
Ihf gunglion in dense fai^ciciili before they divide up and terminate. Theae 
fihors probably all arise from the ganguon-cella in the ear. (Compare Fij^. 
16 1*1, Fig. 40 [D\, and Fig. 47.). 

A croes-sectiou through (lie lateral part of the medulla in the region 
where the principal nucleus of tlie Acusticus is fully developed ehovs that 
under the eorlex of thi« body lie verj- many sections of fibers. The nucleus 
hu dtfreloped a special field, which has been designated by Ahlbom hh the 
acuslicue fieid. A large pari of the fibers vhich lie here, all of which come 
fn>m Üie Acusticus, turn upward loM-nrd the cerebellum «nd end in another 
nucl«u«, the Nucleus acuslico-ferebellcria, which liea antero-doreally ndja- 
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Fig. 40— MmI p(wt«riOT portfam ol Uie ovuMJeua nu«I«UB of Ailiipitor Iwiu». 



«eot to the principal nuclei» of tho Aeusticiw. Other fibers end in th» 
principal nurleu», and a third portion proceeds backward as i posterior 
root. 

The two mentioned aciieCicuB nuclei are connected with the cerebellum 
tltroagh numerous fibers; especially with two spheroidal nnclei, which U» 
cloee to the roof of the ventricle, — the roof-nuclei of the cerebellum, — where 
a toarked decussaLiun takes place. But M-vcral cerebellar fibi-rs pass direct to 
the auditory nerve itself: the direct ttntorg cer«heUar tract. 

From the reptiles upward through the vertebrate series one recognize« 
that, besides the two nuclei mentioned, new one» arise which, among th« 
fishes and amphibians, are present in only a rudimentary form. These 
nuclei form a large msM located quite laterally from the principal nuclens. 



«liich codeieIs Ci^äpntialK' of large cell». On? can easily clifTürcntiatc tlit-in 
in birds and roammalE. They are designated in tbe latter as vmlral nucUM 
jind Tubtrcuittm aciutieum, and are hL>ro largt^r than the principal nucleus. 
This last is calkd in manunals lliu Nucleua dursalis. This homology, liow- 
ever, stands on very wi'ak lugs, as eould hv demonstrated if we could go 
more into the (letaiU of the auusticus nuclei of indiTidual tertcbrnl»-», 

Tlic terminations of the auditory nerves are connected, not only with 
the cerebellum, but with numcrou» other parts of the hniin. The whole 
lateral re^on of the medulla oocupied hy the auditory nerres is traversed by 
fibers and dotted with nuclei, which, either directly or indirectly through 
collaterals, umintaiu 8 eonnection with the Eighth. Fur mammals the 
relalionfi are approximately known. For lower vertebrates the following 
may he advaneed: — 

On the median side there uniformly arise (observed in Selachiu, 
TelfOälei, Iteptilia, and Ave») liber« vlikh pass inward into the medulla and 
connect with a small gonjclion there: OJiva $uperiQr. In iniuuinala this body 
baa long been knott*n a* the Carpus trapeioidt*. It has aUo Ucen demou- 
»tmted that we have to deni hero with a part of the Traclan ar-usUco-iitlalis 
(Fig. 49): the centml connection wnth the roof of the midhrain. Doubtle« 
there exist« also another central connection in the lower vertebrates which 
doe« not take its way through the Corpus trapezoides. This ia much the 
larger tract in all animals below the maranmls. Xot« in Fig. 4» thick, easily 
visible fibers, arising from the principal nucleus in a strong tract, pauing 
direct to the median line of the fourth ventricle near the floor, where it 
approachea the fasciculus longitm^innlis p0i)tcrior and even passes through 
this to the opposite si^c. It prnluibly also reaches the tegmentum of the 
midbrain. Then we would have a Tractus aciiftico-tfclaH* vrntraJit, which 
paseea through the olivarv hody into th« fillet, and also a Tracttu ticitslico' 
teetaiis dorsalis, which would reach the same destination by another route 
(see Fige. 48 and 4»). 

Dorsal to the principal nucleue< of the Acu^ticus lies (in all vertebrates 
above fishes), imbedded in the ino5t ventral portion of the cerebellum, a 
large nucleuti of multipolar ganglion -co IIa which, in close connection with 
the place of origin of the "tonus nerves," send their neuraxonH through the 
territory of the Acuslirtis hack towar«! the spinal cord. This nucleus ii 
known in mammals as DrUrr's nvcUw, in general as Südens tradua 
acuniico-spinaiia. It is possibly n port nf the apparatus which is necessary 
to transmit to the body-musculature the impressions received from the 
labyrinth (eee Fig. 47). It is interesting to note in this connection that 
in Teleofitei a branrh from Ihe region loaves the hmn, not with the Aenati" 
CU8, but (Stanniiis) in thi> nervous syutcm of Ihr lalrral line supplied, for 
the most part, by vugus branche?, with which they become associated. The 
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signißcazice of llie lateral tine and it« «««ociated etructitres as an organ of 
equilibration is made probable througli tliis anatomical relation. 

Wh'm you art! rt^ninded (1) thai in Ibe at'ti^tictis region of the tncdulla 
the long fib«Ts of Manther aria«, — fibere which end onlv in the posterior 
rejüion nnd with which, in the üpinal cord, we be<Mime ncqunintttl tui the 
Traclu» acustico-nfiinaiia (Figs. 'i\) and 40); (2) that the great terminal cells 
of theie gigantic ßbere ramify th« acasticus region vith their dendrites; 
then it will bo clear to yon what an important center of Association for the 
mo»t diverse regjnm tie« in the middle of the uiednlla oblongata. The 
physiological experiment« and the consideration» which are involved in theee 
tnatoiuical relations lead to the conclnsioa that the part of the medulla just 
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Fig. 00.— Sectloii of ihe mttlulln of AlUgaUir lueiu» nl tli«? Irvcl «f tlie 
MOlor MKlnM of tlie Triguninua. Simply Uw contour of the nvrve is rppre- 
■mted. CoiRfwrc tbe thin Pacialit in Pig. 4Si with tlie Inrge motor trunk of 
til» Trifnniniu »howo. 



d«0eTibed represents an important centtn' for the maintenance of ^«fWral 
tqui}ihri*tm, 

Al the level of the acusticiut uucleua tho motor cnhimnp, which reach 
toward the brain from the epinal cord, are not yet exhausted. They may be 
be»t ima>ciDed as a thin plati- which bend« greatly toward the sagittal plane, 
although somewhat removed from it, in the oblongata. From the doraal 
part of lhi£ plate near the apinsl cord the Hypogloesiis aros«. In the scurti- 
C08 level tliere arises the AMucens: a part of the platt- whose f^ourse may be 
eadly recognized on Fig. -If). The ventral portion does not send its fibere 
out ilirect. but collects them from aonie dimance into little fascieuli, which 
then ail turn dor»«tly in order to bend laterally when they approach the gray 
matter of the Soor. Thi» curious kncc-lilic course has already been met in 
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the Acceasorius {Fig. AS.): a nerve which left the same eell-eolumn farther 
posterior; also a part of the motor vagiw root (Fig. +6) presents a Himilar 
thing. We now cnme to the two nerves which arise from the major part of 
the cell-column under consideration: viz.. the Facialis and the motor 
Trigeminus. Both are not always sharply «lifferentiatrd from each other ia 
the Kgion of the root». In the lower vertebrates the motor Facialis is 
usnally much smaller than the naaeseteric branch of the Trigeminue, prob« 
ably because the face-rouRoulature i.« leäa düvelopeJ. Fig. iO shows the poai- 
tioD of the Faciahs and of the nuclens of the AWuccns in the alligator and 
in Fig. 50 is pre«'ntfd a section which cut« the motor ciilumri at a higher 
level when it dilates in the donml portion for the nucleus of the Trigcminu». 
The nucleus of the Facialis i» not a »ingle structure. In the longitudinal 
as well as in the antero-posterior direction tt shows interruptione. For 
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Fig. 51,— Lnnrfa agltt*. Rvgion of «xit of th« Trigsmtuui (.V.r.). 

that reason one might ea»ily deeigliate in different animal« different cell- 
gretipe as the origin of the nerve. Bat all of these cell-groups belong to the 
seine raai» of great multipolar cells, whose neuraxuna pass into motor nerves. 
At the anteriiir end »f Iht? medulla the gray niatw which rowived the 
sensory nerves on the latero-dorsal aspect becoines again very much en- 
larged. At. this point the Trigemini» nerve enters it. In this frontal 
»maary micleua of Ihis ntrve only a part of the filters from the Ga-Vierian 
Ganglion end, white a greater part lum toward the epinal cord, there to 
gradually enter the gray matter, which, wc see in all sections from the upper 
end of the epinnl nord to the entrance of the TrieeminHe into the medulla. 
This deecondmg portion has boc-n described as the bulbospinal root of the 
Triggminus. In such aquatic nniinaU ae fishes, dipnoi, and larval amphibia 
there exists over the whole hi/ad a »ytttem of canals hearing a sensory epithe- 
lium: an apparatus which probably «vrves for the detection of changes of 




TUX UBDULLA. 



W 



through »Ludies of Pincus, of Cok, and eäpeeially uf Oliver S. Strong. It 
hiis bcfti demuiistrnLi-i) UiaL all of tli»c aniiiinb jiosec^ a tcniory portion o£ 
the Kerviid facialis which iuucivatv* this canal-^ystoni of tiic he»d. Similar 
apparatus on the trunk receive priucipftlly bmnchcs from tho Vagiw. From 
what part of the brain ih« eemuirv portion of tho Kacialie ari^c« is uncertain. 
Furlhor investigation ie uewssary. Slromj inaiiitaiDs that the Tiih«rciiluni 
aciusticura L-omes into coniiideration. To the author it seems more prohable 
that »■(! have to do here with parts nlüc-h have bei-n previously attribuleil 
i» the lerniinat appiirutus of the Trigeminus. In uU LWcosIä there is, in con- 
nection with the lemiinal nucloiiH of the Tri^-miiiu^, a larKe lobe which, in 
cyprinoidfi and other fishe«, is connected with that of the oj^posito side, and 
is located iransverselv over the ventricle. Powerful bundlcis of fibres — desig- 
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Tig, M.— FroDi the medulla uf tlarbm ftminUU*-. Vag\i» und TriKrniinus roou. 

natrnl in the fipiirc« «s "Had. lobare« iV. Iriijem." — pass out of the Ijobus 
trigemini. Should further investigation siibslnntiute the author's suppoai- 
tion that we are dealiLjr here ■»■ith the terminal nucleus of the scnwiry Faci- 
alis, then the names in the Lohns Nervi fneiali» will have to be changed. 
What is designated (Fig. 54) as Tractus AVri trigrmini ex hbo probably 
repreeetits the sensory Facialis. But, without doubt, the origin of the 
nucleus requires, in lower v(>rt«>brat<Hi, to be Tno«t carefully studied anew. 

Figs. 52. .13, and 54 will ehieidnte the point better than a deseription. 

In hinl."! and, wpecially, in tho aminred reptiles the frontal nucleus 
of the TrigemiruB is much lew developed than in other animal*. With eaeh 
Xemia trigeminus there passes a faAcieulus from the bmin. which origi- 
nates from the roof of the midbrain. This fladiz mistnrephaHca Iri^cmini 
«risea from large, pear-shaped cells, which lie near the aqueduct in mammals. 
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It is probable that thi> nucleus is identical with one consisting of exacUy- 
eimiUr cells, which one 6nds in amphibians and reptiles quit« near the 
mtfdiao line of the Tectum oflicum, or rool-nticteus, of the midbrain, which 
ia fiBpecially large in turtles. 

All trigeminus« nuclei receive important alTiTcnl bmidJea from the fillet. 
Thest' approach the nuclei after decussalivn, as is tlie case with other nerve- 
nuclei. Besides this they receire from the cerebclhim a contribution regard- 
ing which it is URcpitain whether it ends in tlic nucleus nr IcaTt-e the brain 
direct with the ncn'e. This accretion from the cerebellum to the lobu* 
trjgemini is rery large. 

Up to the present wt have, for the sake of eloarnoas, let it be understood 
that the medulla contuins nothing but the nuclei of the er&uial uer\-ee, with 
their associate^ tracts and connections. But tliere are still other fibers which 
enter the medulla on thc>ir way from the spinal curd to the cerebvltum, as 
well as some which pnss from the cerebellum into the nuclei of tlic medulla 
itself. Moreover, the medulla eontnins, besides the cells and Shers of the 
Maociation-sj&tcm, a number of special ganglia. Only one of ihc«c — ^the 
OUra superior — has been mentioned in connection with the description of 
the Acusticus. But in ntl veri.ebratC9 there are etill other groups of nuclei. 
In niammala the largest of tlieite is the group designated Oliva inferior, 
which stands in close relation to the cerebellum, by which fact it is char- 
acterized. ITp to the pri'ocut time (if one stands by this characteristic) an 
oÜTa inferior bos not W-en disccncrcd in any vertebrate except in the mam- 
mal. Wc may, indeed, find, in reptiles, birds, and even in amphibianfi, nuclei 
which are similarly located in the moduli« and which, in reptiles, are of aimi- 
Inr ntnictnre (fiee Fig. 46); but a positiv« interprolation of thi.'* group is, as 
yet, lacking. The mme is tnie of nuclei which are everywhere demonstrable 
at the ventral margin of the medulla, and especially toward the posterior 
end. At this point one finds, in mammals, the nttcki arciformes. Of all the 
details given, or possible still to give, remember especially that the numer- 
mu ion$iiodi»al liuti'Ues tfhoM eroa»-st<tiona on« stt» I'n iht vtntrttl and 
Utltral ft^icnt of all eross-stetion* of the me<iulla contain, i&sides the fa4cieuK 
of ihe asioeiatxon-Kyrttm, eonntdiny-fiberf to Iht mesrncephakn nnd rtato- 
mtntepkalon. We have already met the tracts from the thnlnmencephalan 
to the spinal eord when considerimr the Internl cohimn«. Kven in the 
medulla this tract, especially well-marked in fi«he», lies in the lateral region. 
It is much larger than in the spinal cord and gradually decreases posteriorly. 

There are two fiber-eystcms of the medulla which we must now eon- 
aider somewhat in detail, because they are of eapecial importance physio- 
logically. 

*I'he first one of theüe is the fascicle from Iht nuelei of Iht positrior 
whimiu to the fUtct, the moHt anterior fasciculi of the Tratius tecfo-apinalig. 
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'thvy havR alrpndr ttpen prescnletl a$ Fil>r'i- arcuatat internir (Figs, 42 and 
43). This tract, which reaches full deveiojiment. onlj in th« imunmalfl, 
is prohsbl; already present among Anhee. It is a pnrtion of the great ccntr&l 
fiboMyskm from the ee7ii>ory terminal nuclei. After decussation it pat»«« 
toward the brain in tlie Tillct, and with it are graäually a^ociated ail of the 
oroesed bundles from the nudei of the cranial nerves, — the Tractus IfiCto- 
nocleares, — together forming the ßllei. 

The second important fiber-Bjstem hvlongs to the lateral margin of the 
medulla. Here lie» the Tractus cerebello-spinalis, ventral from the spinal 
root of the Trigeminus. It arises, hIbo, from the termini of the sensory 
nerves in the spinal cord. It does not turn toward the fillet, however, bat 
pasUM onteriorlj to the exit of the Acuatieits, where it turns dorsally to th« 
corchellum. On the way it has received reinforcements from the posterior 
cohimna, — the Ftbrce arcuales externa, — demonstrated in Sahes, ampbibians, 
and birds. The united bundle \t called the Corpus rtsliform«: Inferior 
peduncle of the cerebellum. It lias been carefully studied only in manunals; 
in this claas it containa siill other elemenia. Ünly a few of them arc found 
alao in birds and ropiile«: t.{f., the acusticu^-cercbcllar tract and the bundlft 
from the DcittT nucleus to the spinal cord. 

Where an olivary body is dcmonetrable the fibers run from it to the 
cerebellum through the inferior pcdnnclo re«tifonne. 

At the frontal end of the medulla the Tractm teeto-biilbare« et spinales 
tum« doreatly to reach the roof of the midbrain. At this point a nucleus 
is always located within it (Fig. flO), — ^the U^mental nucleus, — which is 
much subdivided. The tracte to the cerebellum haye, at this point, already 
turned upward; those which pan to and from the cranial nerves are present 
only in small measure. What remains of the features mentioned is confined 
to trncts which pa.^ downward from the cerebelhim and then to tracts which 
paf» toward the mi>dulla from the mesiencophalon and the thalamencephalon. 
They lie in the ventral divisionii, and are not yet, with certainty, to be difTer- 
enlialed from the fillet in the lower vertebrates. Besides this, the Fatcie- 
uhis longitudinalis'poBterior lies dorsally and distributed over the whole 
breadth of the lateral areas, — the system of commissure cells with ahort 
bundles joining the different levels of the medulla with the floor of the mid- 
brain. 

In raammals — but, so far as I know, only in these — still another tract 
fleseends from the etrebrutn, which remains in part in the frontal ganglia 
to be desorihed later and in part ends in the nuclei of the cranial nerves 
'With their final processes even in the spinal cord, where we have already 
learned to know it as Tractus cortico-spinalii*. 

We may now close our sun'ey of the etnicturc of the Medulla Ob- 
longata. Now that it is shown what important nuclei of origin and temiina- 
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tion lie here; what great associatioii-sjstemß occupy the whole, connecting 
all of its levels among themaelves and with higher and lower centers; what 
imjiortant connections run from the oblongata to other parts of the brain, 
it becomes evident that just this part of the brain is the most important for 
the maintenance of life. On the one hand, one may, in a lower vertebrate, 
remove everything anterior to the medulla without so disturbing the vital 
functions that death superA'enes,, and may, on the other hand, remove the 
whole spinal cord without inducing anything more than complete motor 
and sensory paralysis. But no vertebrate can survive tlie removal of the 
Medulla Oblongata, that general origin for the most important nerves, that 
great center of co-ordination. 

The importance of the Medulla Oblongata for the existence of the 
animal corresponds to the fact that this part of the brain reaches a high 
development earlier than any other part. This is true,, both in the phy- 
logcny and in the ontogeny of the central nervous system. 
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DoKSAr. lo the MeJulk Oblongala and eomiei-ietl with it through 
«cTera! tracts, Ik-s the Ccrebt-llutn. It is coutimiOTis posteriorly with the 
Phxiis fhoriniihi vetiiriculi quarH niicl mitfriurlv witli ii thin sheet, — the 
VrUtm aniicurti, — which pusses lo the roof of Hie mt-sfuceplifllon. 

A study of Fig. 55 n-ill make it evident that no piirt of thi^ hratn, — the 
cerebrum probably excepted, — manifeet« so many vamtioD£ in it« dcgro« of 
development ae does the ccrebelliim. The cepobellum is not more liighly 
derdopt-d in Ihi? higlier auiinals Ihaii in the lower, as Js the case, however, 
witli the eerebniin. On the other hnml, u't* meet., even between closely 
related snitiiatK, very striking diitercnfe». The Munplent form in which we 
find the cerebellnm i» presented by the Cycloctomc» and Amphibia. 'iTiat 
portion of the cerebellar roof whidi is tuminl toward the midbrain ia 
thickened into a narrow p!ale or ridge, which lie« transverse to the 
anterior end of the fourth ventricle. Even the reptiles do not posc«s 
a cerebellum which i« etseiilially higher than this, except that thos* rep- 
tiles which Kivim (alligators, crocodilen, etc.) pusBes* a cerebellum of 
twice the relative size and extent. Those great swimmers — the teleostei 
and tile selachia — p(»«*eiw a cerebellum which is «o emirmoiisly ilevplopod 
that it must lie i» lurgi.' transverse fold« (Fig. 55, .-1); iniU^cd, in the 
tcleoela the cerebellum pushes forward under the roof of the midbrain 
into the aqueduct (Fig. a», ('). But that sluggish mud-fieh, — the Dipnoi, — 
which, on the basis of other structures has been accorded the hi£h«t pUofi 
' antong the fishes, has a small etrebeUum. 

A glnm-e al Fig. .IS shows that, tliroiigli the dorsal evaginalion of the 
cerebellar plate, there is produced u cuiitinuatiun into Üie cerebellum of the 
fourth ventricle. This Ventriaiiu» ferrbeUi 'u »till demonstrable when the 
eizc of the ccrcbcUiun lias groitly iucrcuficd. as in birds and mammals, ex- 
cept tliat it is then vcr>' narrow, and in the pcrijihcra! portions the narrow 
c]cft# usually completely disappear. 

Into the corebelluin of fishes, ampbibinna, and reptiles there pass tracts, 
not only from the spinal cord, hut also from tlie Ihalaincneephalon and 
m«eenceplialün. The same tract« are found also in blnls and manuuaU. 
Ctit in the latter very large tracts pass also from the cerebrum lo the cere- 
helium. Tliw« last-named tracts puss iutit new and special stnicturc«, which 

(101) 



lOJ 



ASATOHT or THE CHNTBAL NTERTOD» SYSTBM. 



[>ear on either side of the inediau portiou, — the Hemis^arria. cerd)eUi. In 
^ammalfi tiey are develoiMHl syniili ronoiislj- with th«- appfuranee of the 
Pods to proportions irliidi greatly pxc«?(i tlinse of the miilclle part, — vhicli 
Iftttcr Ü now cilled the IVrmür. Bui tlie median segment of ttie cerebellum 
retains even in man llie cliaracteristic worm-like transTerse folding actiuired 
by the cerebellar plate in the eelachian^. Immediately posterior to the 
cercbotliim we meet in the roof of the medulla ganglionic mae&od which 
send out fibers of the TrigemimiF ami Acnsticue. Uaiaally fused with the 
oerebellimi these form, i» tin? higher vertebrates, unimportant nuclei; In 
fishe«, hnwerer, Mrell-ina rked lobes (aee Fig. 65 A and Ü). 

Xowhere else in tlie animal Idngdom doe« the Vennia cerebclU reach 



^n 



f 



i 




Vi^. Sd. — SeniiJiccTMininatic »Kittal ■ectiutiA througli the verMbnit« hrabk' 
Xlw cerebelliini »|>p(«r« In bititk, to «how lu relativ« mixe. A, Hntiii of Ray; 
B,«i.»» AnphibUni <*, of • Trout-embryo ; D, of a lürd. 



such enormouB duvclopment a« in the great swimmers and the birds. This 
circumstaDCC. together with the fact that in the same animals there are 
rspecjallr Inrgt- connections wiih tlic tonue nerrett of the labyrintti und with 
the TrigeoiinitB, make« it moet prohftble that in some way or other the vere- 
bflllum must he involved in the mairtenanc*' of eqnilibriiim. This is, in 
fact, indicated in its ^ueral development. The results of physiological ex- 
perimenlB'indicBt« the same thing. 

I'hylo^cm-tically the cerebellum ia one of the oldest portions of the 
brain. Kipinmenl» upon the eupra-OMophageal ganglion in arthropods 
indieate that it falfllle functions equivalent or similar to Iboe« of the cere- 
bellum in higher aiiimaU. 
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The cercboHtim is, without doubt, tlies, one of the most important 
parts of the brain, for n Rtuily of which our h well repRitl. 

It« ttnicturc is remarkably eimple, und similar in all nnimnls, th« «rhole 
organ being n rflpetilioii of n Riraple bietological type. 

Af previously shown, tlu' cerebellum is ontogenctically developed from 
a simple cell-plate; and the figvires just pi-psented make it evident that the 
same is true of its phylo«:enetic development. All of the manifold forma 
of the cerebellum arise through a folding of the primitive cerebeUar plat«, 
the object of tlie folding being eTtdi'Ully an tttartut of surfaet. Whether 
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thv plate extends upward or downward, whether it rcniaiiu unall or pro- 
gicBEea to a high development, it is alwav-« bnill on thtf eame typo. Let us 
tokp, as our Kl)irlinL'-{U)int. the fiirTlicr *iudy of the reptilian cerelwllmn, 
becaii«(? it is a simple thin plate which, lying transveree to the ventricl« and 
transveT»« to the lung axiti of the brain, extends toward the crown. One 
may dilfcrvniinto a fr-^ntul face, luiucd toward the midbrain, and a pos- 
terior face. A section shuws at once that these two lamiu« hare a different' 
etnicturc. The posterior (internal) one is rich in gnnglion-«lls, while the 
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anUrior (externa]) lodges ph]mi])ally tlie ilundrites from the po«teiior 
lamina. 

Juiit at the boundar}' of th« two Inmin» lie« a Ijiyer of large celli extra» 
ordinnrily similar in all vertehratefi, — the layer of Cells of IHirkinjc, and 
parlly in the poeteriar or internal cerebellar lamina (granular layer). 

Thö email multipolar ganglion-cells vhick fill the internal lamina 
6«efn all to dead up their neuraxons into the molecular or extomal iHtnina. 

There are, however, in this layer, and close to the celU of Purkinje, 
veral other tjrpes of eelU which, though known in birilK »ud fiüliM, hare 
been clowly itudied in mammaN, and will, thenrfore, be described later. 

The maM of fibers which pn« into the cerebellum in amphibians and 
n;ptile« is ao small that they scarcely make a «epnrate layer on the epithelium 
of the TentTide. bwt break np at one« and paw into the fine net-work of the 
latter. In tek-ii^t.«. »elachiani<, and higher vertebrate» the condition is differ- 



Vlg. AT. — Somewhat dtngmniniatle tagUul >icciion« Ihrotigli: M) Cwrvtet- 
Intn of • Uurdi (B) Typo ot ccrebtUum o( «a alligntvr, crn(-g<iilr, or lurtl«; |0) 
Tyjw of crMbclluin of k bin) or mainiBiiI. Tn illuotral«' Uie ini-itUBc of tke ixn- 
lidluin Uiraugh rddlitff of th« MMlwIUr plut« in Ute dirMlion of th« arrow 
war A. 



enl. Here audi a nuua of medullatvd ftbere pus into the cerebellum that 
one may nlwavK olwcrve. liclween the epitlictium of the ventriclt- and tlie 
internal or posterior Inniinn. a «eparal«- and i^imctimc* very important layer 
composed Bolclr of tbwc afferent fib*r». This i» the mcdnülary layer, or 
Mter of ibi- I'en'lwjlani. The fijrore of i'arantLv (Kig, 56) shnwit the 
Bedullary center only in trace«. Into thi« layer pasK tracta from the mid- 
brain and the ihalamns, which are highly dercloped in fishes, but whicb 
are kIm demonstrable in otlit^r aiiimals. For the lower vertebrate» the 
material is, at pre«-nl, insutficient. \Vhtl is known. Iiowever {Teleosts, 
Scliapcr; Birds, It. y Cajal. Koltiker, and Kdingcr). !<howit that even id 
the more detailed r«-lalion^ the lower verlebrate« are «imilar to the mammals. 
It may bo thiw briefly summarized: In th$ errtbtlivm fibers end and 
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fütra h9g%n ; and f Afuti<;ft Üu hranthti if the celta toeaUd äur* %$ fvrnitlud 
a vfiä« rangt of p^sgibiHtits in Ifie eo-orJinaii^a of thg proe«s»e$ ultuh go 
on there. 

From tlie simpk type — thai of Viinifiiis. for «ample — we nuy readily 
derive most of the other typps of cereheUum. We have to deal with onl/ 
two factors: with the deTelopment of tlic cortfx and of the mfdullary 
center If the cortex iiKTea&vi; in Kiie it pn-smts fnlil». Kg. 57 sbovs how 
the Himple tijcard type is doiililpfl in the »wimming atligntor and ttirtlc, 
and how, through a farther foldiog of tlie sauic cerebellar plat«, the avian or 
ln*mnia!inn type may be deriverl. In teleoete the surface is relntivoty p^^ater 
thuD in ainpliibiann and replileä and it arises from the fact« (1) that the 
molecular, or inner, layer is thicker; and (3) that an unusual Dumber of 
afferent Wndti^ pass into the eerebelhim, much Increaainy llie medullary 
center over the Tentricle. Thug arifes an apparently massive body (aeo 
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Fig. 58. — Snglttnl ccction n little iü o»« »ido of tJi« tncdiAa Un« 
Uin>ug)i Uifi cMHtwItum uf a nuinll my. 



Tig. 44), in which the part that Ucs \inder the roof of the midbrain ia 
decignated the Vctivula cerebelli. It has already bot-n mentioned above that 
at the poalenor end of the cerebellum there lire Bswociated pnrt» which stand 
in special relation to the nuclei of the Acugtieiu and the Trigcminue. The 
separation of thi.s region from the cerebellum h not yet to be sharply made 
in meet vertebratep, but in selachianfi tliey are separately marked trans- 
Terse folds; eo that one may epeak of a Lobux rrrehtUaris .-ictuliei and a 
Lcbus etnhtlhriji Triffemini (see Fig. 58). 

In teleodtä and even in selachians the cerebeUtim cortex extends sora« 
diatance po«t<Tiorly and beyond these aeeewoTj* structure*. In birds and 
mammal« they arc complolely inflnded in the formation of the cerebellum, 
where they lie in the median portion. — in t)ie Vermie, 

Certain cell-prnnpe easily demonrtrable in mammals and birds, as yet 
hardly known in reptile* and amphibian:*, and easily found — to the extent 
of one cell-gToup — in fldies, may be called the special ccr^eUar nuclei. The 
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la«t-DflRied cell-group consieis of two large spherical nuclei l;üig rather hi 
to the poeterior aspect, — the nuclei globosi cerebelli (see Fig. 47). They 
tie so direct in the plane of the nucleo-eerebcltur tract and are so completely 
surrounded by the bundles of thifi tract, that they are proliably to be 
counted in with this tract. In hird^^ and probably also in reptiles, small 
ma»r» of cells tie latemHy from tht>i;e: the ii^uciet hltralts Varmts. In 
mammals one finds in the same region sot only several small nuclei, but 
quite lateral from this, in the cerebellar hemispheres, a large much-folded 
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rig. fiV.— FrontA] Mctioo Uirougli the midbrain «1 ■ abiirk: SeglHHm cani- 
dda. L«ngtfa o( body, tliirtjr rmttinieUr«. Sboniiix Uiti <l<cu»MUon of tlie 
TrK^iut tepDHitO'Mrcbdlaro*. 



nttdeus: the OUpa ctr^tUt or the Xutleu» d<ntcilu4 (Nue. dtntattu Otiva). 
It occnpicfl the lopcrior pedunele of the cerebellum. It has not yet been 
recogniuNi in the lower vt<rtebrRl4^6, but it is probable that it exists, because 
ID these animals the superior peduncle enters the cereliellum. 

Of Iht eonnectioM and the definile course of the fibers of lk4 cer^Uum 
thtre i*, as ytt, little inutmn. 

To be nire, we possess minute de«criptions for sereral different Terte- 
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brate classes; but sufficient work hau not yel been doiit* with di'Telopmcntal 
or di.'^oii«rati<in mctbodä. Accept what is bcrc preecntcd at «imply thAt 
which may be with some certainly now expressed. 

The cf^rpbolhim standi in oonneetion witb otber pans of the bniin 
through its pedundfs. The fiber constitncntg of the pediuick« are, for the 
mögt p«rt, constaui, except that in the lower vertebrate« appew certain 
tracts not yet found iii inaminaU and birds, while in mammals there iB a 
cerebral coonectioii which is iieculifir to this class. 

I^east known ae to iheir ntil arit^n utv several frontal tracta. In 
teleosta, vhoec Iar>;e cerebellum eniitaius cueilv rcco^iixabte aflrrent tiacta, 
two tracts pa«s from the thalamoncephtlon: a ftn«-tiberod posterior one and 
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Fig. aO.--Sprtion ihiough tho velum nnd ccicbellum of n Urge 
Hmri: iMverto muralif. 



a maM B -m W M d frontal one, the first into the cerebellum and the second into 
th« Talvula cerebelU. the portion which lies under Ü\q roof of the mid- 
brain. These ore called Tracfus Ihatamtncepkalo-trrebeUare^. These bunilic« 
have not, with certaiaty, bt-cu found in olher animals. The Brafhiuin con- 
junctiium anteriu9 or superior cerebellar peduncle, 'u alvrays present as 
the Traclu« ttgmtalo-ftrtbfMaria. Thi« is n bundle from a ganglion, which 
lice at the posterior end of the base of the thalamenccphalon. Not far from 
its origin it deeiis^tes nnih its fellow. Tide docussution, which alirays lies 
at the level of the Oculo-inotorius near the l>aM>. i« a good point of orienta- 
tion in investigation« in brain-anatomy. Thence the 6bei8 pass doreally 
into the cercbcliuni (see Tigs. 59, 61, 71. 83, 84. and 65). 

Bcsidea the tract named, atill other fairly larf;c bundles enter the 
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anterior vad of the cerebellum in fishes, amphibian» and rt'ptiluä, tiut dccus- 
eote just hcton ainkin^; into the «ubetancc of the ccreUcIlum. This decussa- 
tion docs not lie veulrally, an that jiut (l«6cnbi-d, but dor^lly in tbc velum, 
jagt poelerior to iho deciucation of the TrocblearU, eosil; risiblo in x«ptilc>3 
(8«0 ilg. 60). 

The fibers of Üiis Decugsatio reii arise, in part, from the midbrain, but 
in larger part trom the trigeminus niicleiw. Tlie detailed relations of thi« 
DecQwatio veli an yet *o 1« determined. 

'Hic coniifclion butwwji the eeivbclluni and llie »pinal cord is extra- 
otdinarily «imiUr in all vertebratet:, and ii« accomplished tluoujth the 
inftrior ptduntUt of th« ctrd>tlUtn\. Ucre one always meets that tract from 
the lateral columns, which, ansing from a terminal nucleus of the sensory 
roots, is knoK'n to you as the Tractng certb«}io-spinai\t. Associated with it 
ia the bundle from the N'ucleua of Deiter in the acualicu« region^ which 
bundle probably abto enils in the lateral column«. At any rat«, Monakow 
could observe in nmmmaU, and liondis in birds, a descending degeneration 
from I his nucleus when they fevered an inferior cerebellar peduncle. The 
fiber* of the Truetue cercbello-Bpintilis pnjlmbly end in crosecd and uncrossed 
ramilicatioDs in the dorsal plane of the cerebelluni without the molecular 
or inner lamina. 

Id teleoats, selacluanSr reptiles, and birds tlio author has observed that 
vrithin the medulla there are associated with the mentioned tracts still 
other afferent tracts from the nuclei of the posterior columns and from the 
povterior columns direct. The latter pas» un>itnd the medulla ventrally. 
Dear it« periphery, — Fibn» arciiata' externie,— till the tract is reached, when 
the; fiue witli it. In mammals the relatione ore the same; but here the 
inforior cerebellar peduncle eontnins yet other connections, especially tho 
lailgo afferent Iracl to the Oliva, — Tradv» rertbelh'OHvarig, which has not 
yet been found in other classes. 

WTierc the inferior ecrebcltar peduncle enters the cerebellum is the 
least understood portion of the whole nervous system. Here lies Uic acusti- 
cus nuclLMis and seTcrat nuclear groii]>s whose significance is. as yet, com- 
pletely problematical. These oil lie mcsially from the peduncles. But 
just nt this plae« there pass into the medulla the Tractus vagO' et qntnto- 
cercWltares and from the medulla alTerent hundleü to the apparatus of 
equilibrium, whicli may paw into the NVniis Tcstibukri? and into the Oliva 
superior. The middle peduncle reaches a considerable sise only in the mam- 
mals, where it carries large bundles of libers from the ganglia of the pons 
dp into the cerebellum. The termini of these fibers — the cortex of the 
cerebellar hemisphere — are completely lacking in other animal», in which 
only the midportion — the Vermis — devel<tps. One set of fibers which lie« 
in the middle pc<luncle iü also demonstrable in Ifiwcr vertebrates. That is 
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«fueiealus n-Uicb pmsecs rcutraU}' from Uiu ccrcWUum, currca around tbv 
medulla vcntrally for a short distttnce. ju?t to whore it rcaehc? the median 
liDP, wlicro il bonds »iiward, n^ocntU within the raphe, finally decuitsates, 
and is lost in the lateral portions of the medullB, — the Traetus ctrthtllo- 
tegm«7ital\s. 

The reUlion of the arm» withüi the cerehellum of the lower vertebrates 
rwjuirca tliieidution. There ib an open field here for the degeneration- 
mcthod. Xot the leadt of the dillicultieä lit the study of the intact organ is 
the fact that several tracts croea in the cerebclluni and püäa to little knovn 
gray masses. In tcleoste who» large cerehellum i? quite free from the traeta 
from the cerebrum more is known witli ecrtninly Ihan is the rase in the 
other vertpbratos. Particularly m among the deouBsntion-fiherB, the largest 
«Je those which belong to the Traetus nucleo-ccrehellares of the Vagus and 
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Fig. 61. — Sagittal section far lo one aiilu ul ''< < ' m plnoe through tlip 
hnin of All AJghtdnv vhii'k. Only ft pnrt of tlip I.' <.i'-]iilliited, Sllowing 

tlic origin kod omiim' <>r tlir »uiK-rior uid infiTior (.iitticlliir peduoc-lrs. 

the Trigeminus, as well as fihcre from the terminal region of the Acuitticus. 
A large part of thiit decusaatiou lies o» the ventral side of the cerebellum 
(Fig. 60) eloee above the roof of the venlriüle. There one finde in telwisls u 
good point of orientatiou in the decussation of verj thick mednllated flbeic. 
They come from the Nerros tmcbleari^, \rhich, without exception in the 
Boimiil kingdom, dccuaeatcs here on the boundarr between the midbrain 
and Uic oblongata. Jiut behind this begin the Tcntrat decussations of the 
cerebellum. The most anterior belong to the Tractue cerebello-nuclcnre« 
Trigemini: the niost pfl<t*Tior one to the tract of the Acuaticus. How- 
over, the separate elements of the Tcntral docusMtion of the cerebellum arc 
not y«t sufliciently known. 
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There arc al«o dona] decussations in the c«T«1}eUiun. They one« moetljT 
Crom the Tractus cerekcllo-spinalee, probably also from cerebeUar nuclei 
{•M Pig. no). 

Within the cerebellum there are everj-wliere associated bundles. The 
largest of these arc fuuud iu k'lco«tä,'wtiert- u largo bundle of medultated 
Sbcrs joins tlic posterior portion of the cerebellum with the anterior (Fig. 
86). Then there arc alwajs numerous short aesociatloii-buudk-«, some of 
which paw Tcntral to the E^irkinjc cells in the inner lan^inn and a part 
dorsal to it in the molecular InmiDii. What further connectittns arc poesibl? 
through the mcdnllated norre^proceeses may be better studied in the 
deecriptton »f the mammalian brain. 

To Summari«. — -In the cerebellum we have an organ into which nerre- 
tracte enter from the interbraio, tlic midbrain, the medulla, and the spinal 
cord: an organ that in mammale is also indirect!; connected with the cere- 
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Fig. 02. — From tli« ocrebelluu of tbe minnow : ^Ao.rlnu« Ivrig. n, PuHcinJ« 
e«]lfl. ft, C«I1b of th« granular lay«r, at which on« aenda it« neuraxou up Int« 
tbt •«■ociallonnct of Uia iodm molccularia («). 



am. Into this organ pose bundles from wvcral lieQsorr ciauisl nerves, 
especially from the m-ni-» of c(|uilll>ration. 

Within the cercbelluui manifold connections ore po«tiblc through cell- 
proccMC«, as well ts through contact nith the numcrong local eclla- 

It i» easily conceivnble that in thin range of possible connections with 
tracts from almoet every part of the brain is laid the foundation for co- 
ordintifion of vwvtmmts and for the ma^nten4Xnce of mtiScJe-tontu: functions 
which must be oscribeil lo the ctrebvllum. 

The loss of the cerebellum hae no rital significance in lower vcrtcbmtca. 
It appears that u part of the functions performed by tt may be suspended, to 
he replaced in some way by another part of the brain. Even the minimum 
development of th« orjran in creeping animals indicate« that it has c«wn- 
tialty functions which in some way are connected with locomotion. 



THE CSBBBELLÜU. Ill 

Though the cerebellum posseBses connectionB with many parte of the 
brain, it is not traverBed by a single tract passing from lower to higher 
levels. These all remain in the base of the oblongata, thence to pase to 
the base of the midbrain. 



CHAPTER IX. 

THB MiUHKAIN, ok MeSENCEPHALON'. 

TncRE is DO part of the bram into which »uch large tracts mter, oon« 
from which so many tracis emerge for distribution to remote parts of the 
nervoiu «^-steni, and uoiic witliiti «hich are famished so manv conncclioiu 
beiween rißht sad K'ft »idt> as the iftDDBAis: the ubsescepiiai/in of the 
lower Ti-rtcbratcB. Onlv in moinmnU. wlicru the ecrebrum is developed into 
the gnat orfian peculiar to that c\ate, doe« there ariM a brain-äcgmcnt 
d-hich cont«iti6 still more extended connection« and still greater coromissural 
iraeU. 



Fig. 03. — itrain of tli« rod: tiadua afflefinl». 



Even llie extcnial appearance ia suggestive of the significance of 
«trudurv. The accompanying figure (Fig. 63) of the brain uf the co<l »howi 
at once hov relatively great is the development of the meeencephaUin, and 
that it is approached in size only by the medulla, which is the origin of the 
large crsnial nenrea. The cerebrum and, indeed, even the cerebellum — 
always nnueually large in tflk'<wl>i — ore hardly to b« compared in tizo with 
4h« midbrain mid modnlla. 

In the debL-ri fit lull of the midbrain il is advisable to differentiate at once 
a roof-MtgrnetU and a haml nyment. Througliont the entire animal king- 
dom the roof exhibit» fewer change« than any other part of the brain. The 
(118) 
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relative «izc only changes, and one who i» aoqiiaititpd solflly with the rclfi- 
tirelj email corpora quadriijcviine of man is surpmctl wiipii he sees the 
immense optir lobe« of a fish or a bird. But the minute atructure is always 
tbe same. In ihe dorsal layers of the hemisphere — partially divided doreally 
by a sagittal äsäiire — the opdc nenr always cjitls. From the ventral layers 
Always arises a system of eeusorir' libers: the deep mftrrovr, which contains, 
amou>; others, the alrt-aily described Traetus teeto-spinales el tecto-bulbares. 

This is veiy beautifully «en in the sagittal section of the brain of an 
amphibian larva, because here scarcely any fibers in the midbrain except 
these two tract« are modullated. 

The roof of the midbrain ia so Urge in fUhe«. and birds especially. 
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Fig. M. — Sagittttl vcctivn u( Uic brain v{ JjrofofI, tbe ualilytUHUa- 
loxta ot Sired on. 



it prodtic« such an iiniisually large opticus, la amphibians and 
reptile» it is also relatively larger than in selachians and nmmniaU. The 
Tentriclc of the midbrain in the first-named animal is correapondingly large 
(see Fig. 68),' while it i» reduced to a. crevice — tbe aquieducluß Sylrii — in 
tclachians and mammala. The extension of the roof in birds and in tho 
teleosts has also led lateral pendulous projection over the base of the raid- 
brsin (see Vig. 55, /J). One, therefore, sees the roof-formation iucloeing tlie 
bas« externally. Jf one lay the brain of a bird or of a fish with tbe base 
Bpj he will see, on either side, the optic, arising from great white promi- 
nence!», which, in spite o( the fact that they embrace the base, are, on 
inspection, eridcully nothing else than the strongly developed midhrain- 
foof. 
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The Toctnm megdK-ephali i« practically the ganglion of origin «nd 
the Irrminal ganglion for botd oi tliv kiud*- uf ftbi-re mt^ntiuned; also for 
a great Dumber of intrateotal astiociation-tnicts. It reoeives, also, an afferent 
bundle from the Thalamus, and io bird« and maiumald such a »ne from Ihe 
cerebrum. 

In the puaterior porlJnn of Iho midbrain lie«, in all animalts a einj|;lD 
nucleus, from which fibers join the dce{> marrow; this ouclcuii is called 
tlie Corpus quadri^efiinum pasltriu4 (Fig. 65). In mammals, wh<>rc the 
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Fig. 96. — Proald Bectfoa IkroQgh lb« xaott |>Mtorior portion of 
111« midbnin of « lizard. 



anterior part of the roof remains relatively «niall, this eorp. quad. post, 
rcichee a size almost (>iiuh1 tn that of the anterior bodies 

In the same manuer in ihe anterior dirisinn of the roof there Ups im- 
bedded on either side of the middle line a beautifully outlined, roundish 
nucleus, which, up to Ihe present, has onlv been found in lower animala, 
and whoso demonstration in mammals has not yet been »ccompHslicd: 
Nttcleua prtrUctalii. 

The bo»c of the midbrain is formed of those mas^ee of fibers which 
•risft in the forcbroin and interbrain and pass the midbrain on their way 
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9 beyond. Then there are fibers which pass into the base from their 
ongin ill the ronf. Finally, a number of nuclei have been found there, from 
which uriae bmidlfa whidi [Huut, in jHirt, into the cerebellum, in part, to 
the bniiu'surface as pcripbcrat nvrrt»: Oculomotoriu», Troohlcaris (see 
Kg. 68). 

From the roof of the midbrain pas&efi from one side to the other of 
the brain a largo commissure; Commissura pttslfrior etrffirt. It lie« in the 
roof-plate itself, and borders entirely upon the posterior wall of the cpiphjsi» 
(see Pigs. 18 and 89). 

The minute structure of the roof of the midbrain is exactly known only 
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^ftJtfif—Bbamiag Oia inlauto itnattifa af tfaa mldbmtn Toof. Two Metiana 
plated wli % aUa br «onparieOD of the 1«r«ra. Aftw Ptdro R. >- Cajul. Kiitbt- 

band ««vtion (roin n froj;. Not« opticus /ItKrt entering tinil ntmifyiiig: in dilTereat 
lofcn. Sn^ttitl leetioii (compUTa Fig. 64}. LeK-baiid lectiiHi from a limrd. 
Note Clw crtb. 



through the rcecarchcg of K. y Cajal, of FuMri, and wpceially of von 
Gebuchten and P. B. jr Cajal, in rcpresentatire« of the difforent claaees of 
vertebrates. 

It become» endent that the different layers into which the roof-plat« 
may. in all animiila, be xubdivided ame in a relatively simple nuinner (see 
Fig. 86). 

Into the outer layer enter th« fibcns of the optic nerve with ionumer- 
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ibl» tfrmit»] wmjfieatioM. Tlvrc an nmüir nerT»-t«niiijiAtioiu in Mvoal 
uf the deeper U;«n. Th« tcnatBit nnailiwtKHW eoue into laanifold ra- 
tion* viih the deadiiiei of edb which De ii ntrious Urcts. A mull number 
erf ndi crlla «ppear to tend fibers down into the optic neire itwlf, bat the 
najoriQr — opcriallj t long Urrr of rerr Urge tcUfr— «end their neonxona 
vcatnUjr, where the; form ■ dt^finitr tajer of the deep mcduUaiT Ujeti 
Stratum mtdvihrt profundum. But into this larcr, u into the optic lavvT, 
aniii«n«f fibm «nUr bvm other terminal ganglia. Tlmi^ this tirwtun 
Oure ariaa on extrv^rdinarily jnat cpforiuniiy for Ikt tnmtmissiim of 
Ughl'imprtuiims to Üu ytafral wiMorjr traet, since the deep nedolUr; tajer, 
at far a« now known, is in connection with ends of other »«uotj oerres. 

II«fer to Fig&. Gi and 71, and ti«e how. at the posterior end of the tnid- 
biain, the complex of Tnctu« tedo-apinales ct tecto-bulbarce jost anterior 
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ctryWUiira rtMa abniplly into the tnidbmin and there enters the deep 
medullatciJ layer. There we iiave again found connection with a bundle 
already familiar, and may turn our attention to othera. 

Naturally, it it not very ca^y in all the fiber-systems which fill th« 
vrntnl portion of the midbniin to recognize the sepamte relaLiona. To 
wire tin» problem in adult sntmaU »eems quite impossible. As moat w«l- 
oome iimpl« object«, thc> lan-H> nl nniphihinns nfTer themaelrea. Here the 
ayitem of the deep medullary stratum derelops itcelf before all other fibcr- 
•iriteB« nf the midbrain, even earlier than the optic nerve. This layer has 
medulUry sheathe nt a time when no other pyittem in this re^on is medol- 
lated, excrpt, probably, the nuclei of the cranial nerves. If one, in obeerrinf 
a frontal aection, paMes from the ventricular epithelium outward, one 
comm flril upon a biyer of loow tissue with few cells, — the Ependym, — theo 
a simple itwue with large f^nslion-eells, and beyond it into the only medul- 
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ihoniot tlje roof-plate: Ihe stratum mpAlutlan profnnäum. Slill be- 
:'mü dot recognizee celU nsd thiu Don-medullateci libers. What be- 
came« of the mediiUiitcd layer may be eaflily und«relood (eee Fig. 67). A 
,fatt pauoc direct to the sidv of the midbrain and düini to the baae. thence 
'posteriorly: a «ocond part goQg the mmc «-ay, except thnt it ürit crosH« 
the median line before it turns dovnrard. This decussation va» formerly 
ciillod Commixsura antitlata. Those two part» together rcpreiient the Intern! 
divigion of the deep medullsry layer. Tlie fibers of the median dirision 
which liea next to the ventricle do not tiiin toward the base of the midbrain. 
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Tig. tö.— Frontjkl section through tbe midbrolii uf a tt^kuut, Rhodcita cimam«. 



For a eiion distance they pa«8 parallel to the ventricular wall and than 
divide, like the lateral portion, into a direct and crossed bundle. 

The dirt'ct portion ends moetly in a ganglion,— Gonjrlio« hi«raU 
tneMnctfJiaii (pee Fig. fi8); the crossed portion encircles the floor of the 
ventricle, which presents here only a narrow cleft, and forma under it in 
boantifutly plaited lines the tegmenta} dfeufiolion [Haubfriknuhuns). 
Afterward it pams posteriorly close to the middle line, Tcntriil to the fibora 
of the posterior longitudinal bundle (sec Fig. Ö1). 

ThuB, all of these are bundle« which connect (ho deep Inyei-e of tho 
niidroof with more posterior segmeni«. Most of them end in the medulla. 
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in tbe nuclei of the posterior coltimiis, anr] in the gra}' matter of the spinal 
coH: Traclus tfcto-epioalL's ti iwjto-bullart«. In aJuU aoimals the deep 
mvduUarr layer of the mkllirain may lie beat studied wliero it is liest 
developed: i.e., in hinln nr in fi«bi». The tcleMta present ihc uapeciol sd- 
Tsiito^e that the region in which the Stratum medullsrc prof, lii-tt )i< rula- 
tivi:iy fimple in ätnieiurp; so that the tracing of the äbcre u fftcilitnted. 
If one becomes once familiar with the relations in teteoet« he may fmd them 
readily opiin in any of llu- higher verl«bnites. 

la Fig. 68 one may und several of the »Iructupets alwu'e mentioned. Th» 
tegmental decusäatinn is nut, liovever, to be readily found. In the cnor- 
mou« eJLlvnsinn of the roof, wliicli is found in the tcleosts, these fillers have 
come into another position. They lie now directly uiton th« decussation 
which the lateral poeilion of llic medullated stratum makes, and thus in- 
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ennsea the commissura ansulata. In horiuontu! mcuoos one may readily 
Mporate the two parts of the commissure (eee Kij(. 91). 

Th« flber-eyvtom of the modtiUanr stratum from the roof of the mid- 
btvin fills n large part of the ha*A\ portion of that hraiD-segment, encircling 
and trareraing it. ltecau«e of the great number of traosTerfie fibers, the base 
of the midbrain has been called the Pan commissuralis. 

The roof of the midbrain gives origin to »till another sj^em £rom the 
ime layer: viz., the fibers which, taken together, are much gieaier than 
parts tacDtioned. and which, throughout the whole roof rvKion, pass in 
lateral direction from rijjhl to left or i-iVr Pfrsfl, Through these fiber» there 
i$ formed in the median line the dnnml decuMation of the midbrain. The 
vhote stmetnrc is tbe Lamina eomtnixsuraJi» mtxenrtpkaii. Xhie dccnssa- 
tioa is exceedingly constant,, and from Petroinyzon to man it is always 
present. In Hg. <i8 it may be seen as a shaded inner layer of tbe roof. It 
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fjoitb) anteriorly with the tramvcrgc übers, which, as Commigsura posterior, 
pass along the frontnl ptiil of tliP midbrair-roof (Fig. 69), But, llirough the 
oarrouRr cnlibpr of its fiben* and their somewhat more dorsal positifHi, the 
'buodle is always readily tlistingiiisTied from the posterior commiMure. 

The ciptic nerve arises, in all lower vertebrates, chiefly from the roof of 
[th« midhrain. Tigs. IJ4 and TtJ give a good riew ol this origin. 

Only in the high«r niaminaU does the opticiiB origin m the gOQKlia of 
thalamiiH appear to play a greater rolo. The roof of the midbrain ig a 
lent lit a sphere. From Iho vciilral chiiiHiim a ciirring tract of uinnifold 
j'bundleB eneircling the whole mass of the midbrain pajwc* to the Opticus, 
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1^. 70- — Tnuiircne Mctivn of Jlhadcu« anmr-t through the re^«ii «I tb6 
.ChSaania. "Sotf thm tlic TH-Luia Hit^i>ii<.v[tltHli coven lli« Opttcua. Th» median 
portion of the tigtir« bclnng« lo Hie thalaniiMicephaloii. 



Most of the bundles lie near the surface, and. like the partially flexed fingers 
of ft hand, ineloee the ephorical mase; but a siualltr nunib«r of bundle«, 
especiidly those which are destined for the more posterior portion of the 
, 0]>ticiie, turn inward just btfuro reaching the roof of the midbrain, and 
' pass toward Ihoir i(?iiiumia. bn-aking through (he basis of the midbrain- 
roof, ihn», in h mca«urc, passing under it. 

Thi»e dilTfnnt bundU-jf have been duwribed oa different "roots": vir.., 
,tM "median, lutvral," etc.; but this hiia little to recommend it, for, though 
ac of the htmdloe ran.* their course somewhat, thcj all pase to the same 
end. 



120 



AKATOVT OF THS DBIITBJLL KEBTOUG STSTVH, 



Since tbc optic tract entert tlic frontal end of the midbrain, one 
vill Dicct it oqIt in Kctione which arc cut far forrard. Sucli & section (as 
shown iu Fig. 70) «ncroach«s upon the tnterbrain. 

Tho Tcftum niescncephnli is, jn all lower vertebrates, brought into 
intiiiuite r«Utioiis with the great nuclei of the inlerbrain (thalamen- 
cephfllon) through a large bundle; the Traetus ttcMkatamicus. The 
bundle is 90 large that it will doubtless be found in □mnitnals also. It is 
lost between the hirers of the rnof. The cerebral connections probably exist 
in rcptilcfl; in birds and mammals, however, its existence is certain. 

Important in the investi^tion of the brain of lower rertebrates ts th« 
largc-oelled r&of-nuelnu (/JflcAil'frii), The nucleus in question hee close on 
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Ilg. 71. — 8m|^U«I Mction of ft liiard-brun, atumiii^ iti« iMJuUon ui th« 
■IK. Iftt. BHMVcvpliKU ; alao ibowlnj ird) Uie diflerent btiodle« ol tlie Optictu 
■sd the «VOTM of th« iWn from the de«p in«da1l«r}- »tratum into tha fill«L 



either eide of the median line, but does not occiip/ the whole length of the 
rwf. It is not present in maramols, bnt one meets there a group of quite 
timilar cells, which de^enerationH^xperiments hare shown to belong to the 
0ber-6yHlfm of the IVigeruiuus: Hatitx mesfncefAaiira Xerti V. It has 
Dot been demonstrated, howevur, that the origin of the midbrain-root of the 
Fifth nerve is a homologu« of the Darhkern in quesiiou. 

The baiis of the midbrain is distinguished by tliL* numerous already 
described decuseations which lie in it, but the fact that eereral important 
bandlet pans into it from the intcrbrain, and finally by the presence of 
MTeral separate nuclei. 
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In birds aud lishca where it is widely spread out on nccouut of the large 
Tootf where also tlit venlricle cornea into relation with not a small ptrt, it is 
«jwcial]} favürabk' for study. One recognizes at once that the central g^y, 
which «Tcrywhorc incloses the vcntriele, covcra eTctrwhere tho surface or the 
mid brain-bMe, which H« next the ventricle. In this gray niattt-r — that i», 
in the dorsal portion of the midhmirL-hflse — lie several iiuporunt nuclei. 
Ifear either eide of the median line may always he seen a Dumber of small 
mMses of cells, which send out ventralty the fibers of the Kervm oruh- 
molorivs (see Fig. GS). Etcb in the lowest vertebrates these leave the hase 
of the brain, always at the same place, as two not unimportant nenrce, which 
turn toward the eye-caviiy. Just posterior to the nuoleiifi of the Oculomo- 
torius one finds nggregatione of cells (Fig. Co) from which the Trochiearia 
arisca. In all animals yet studied the nerrc croBscs to the other aid» in the 
Velrim medulläre posliaim (Fig. 60). In order I» reach Ihia doreally located, 
decnssotion, its fibers muct, just after their origin, ijass some«-hat hack- 
ward and then turn dorsally. Thus, the nenrp wliich paÄsea off quite 
dorpftlly always appear» in the narrow crevice which remains between the 
midbrain-roof and the cerehellmu {see Fi^. 50 and 1*4). 

Lateral from the nuclear origin of this nerve there lies, in the midst of 
the central gray, a large nucleus: the NucUvs laitralis meiencfphali. The 
thin layer of ncrrc-ncttcd gray matter around the aqueduct in manimaU 
Bcareely euggeaU what important structures are here represented in a process 
of retrogression. If on« diseeete off the roof of the teleoetean midbrain, 
one will s«, nnder the name, the protruded part of the curebeUum as a 
large t^vagiiiation divided in the median line {uee Fig. 86). Laterally from 
thia one finds on either side an elongated, somewhat curred projection, 
which may not, like the cerebellum, be liflcd from the floor of the mid- 
brain; in fast, it hvlonfpt tn this. This growth wa« known to the old anatom- 
iata, and was designated by thun an Torus Htiiicir<uhri$. The Torus ariaM 
through th« location of the lateral mescucephalic nucleus («specially largo 
in fiahc«) in tho lateral part of (he central gray of the midbrain. The same 
nucleus is also deiuon^lralile in binli:, even though it does not reach in them 
the relative size which it lias in fishes. In selaehia ita presence ia, to me, 
doobtful: but in reptile« it is evident, and in amphibia it ia, through the 
location at least, to be recoginzt-d (Fig. 7S). From the nucleiia laternlis 
mesenrvphali uriitL-<( n Inrf^e bundle: the lateral iongiludinal bundl«. It may 
be followed through the entire medulla oblongata, and probably poaaes into 
the lateral columns of the epinol cord. 

That a part of the longitudinal fiber-system in the midbrain-baae arioea 
from the thalamus (Fig. 71) was mentioned «hove. Three of the bundle» 
which lie hero deserve eepei'ial mention before we eon.'^idcr the thalamus, 
because Ihey give to the medullary white matter of tJie baao it« characteristic 
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fealure. The ßret its the Faseiculue hngitudinalis pcsterior {Fig. 44). It 
•rMM with its mcwt anterior fibers from a single nucletie of the most posterior 
part ol tho Thaluniifi, hui roinfurctfi it8«lf in its backwarrj cciurw, while it 
panes the nucleus of ilie Oculomoturiue. The bundle hot, on either side of 
the niitidie line 4uite dorsally, i>ortIir imbedded in the nuclei in question and 
partly ventral lo thtiu (Fig. 05). In a similar way from a nucleus which is 
HMidily to be Beeu in the vcnlnil part of the thalamencephalon in all lower 
vertebrate« — Xutleua Itgmrnti — ariM>s the Tractus U'jnirnle-ctrehtlhirit, — 
the peduncle of tho cerebellum. It trurerece the midbrain lor oaly a short 
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Fig. 7£. — fUeittsl ■MlMia of hmin «f i-liiolc nn eighth day after Iwtclilng, 
ihowjnf; orifrltj of the Fnftc. long. laKrnlifi. 



<3i(rtance. and erowcs to the other side just behind the lost roots of the Orulo- 
moturiii» («cu Fig. 65). Tlie decmswitiou of the Traelua tegmeoto-cere- 
bellarie he« donat to the dvcuseution of the texnicatal tract from the roof: 

The third longituditial faeciculu» of the midbrain-basis arises from the 
eommist^T^ posltrior (Fig». 69 and 73), whOM> limbs turn backward nfler 
the dectiSAation ([iiite anterior to the midbrain-rouf. deHTibing the out- 
line of a hon*e»h<M'. Iliu |>o*terior end i» still unknown. There is strong 
evidence that in the latL-ral parts of the posterior longitudinal bundle Uliers 
from that eommiiwirr {mm hr Imck. According lo KöUtker and others. 
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the whole eystom «riBes from n nucloiis lying in Iho Tcpion of tho Xacleus 
fasciculi posl(>rior. The author h imaMc' to ditTt^rüntiaU' u at^panito Ducleus. 
Tho relatiou of the [Krstmür loDgitudinsl jCsi^cicuhie to the posterior com- 
miMUPe requires further «lucidation. This has been retarded, hccause both 
bundlea are eo dilHfiilt to Iiriii>; to degt-neratiou in rentiTiun. 

Quite ventral in the antc-hor part ol the midbraiu-baw lies a flat len- 
ticular ganglion, which receives buadles, among which are some from the 
Corp. Btriatn of the <*erchniiii. So far ns the nuthor jw*, it is bp«t defined 
in the rpptilofi and birds. The nunnnnl? havo, in the same localitm, two 
gangliA: one behind the other, the anterior one being called Corpus sub- 
ihalamicum, and the poi^terior SubftaiUia nii/ra. Which one of th<«i' cor> 
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Fig. r3. — FrcioUl Bfctlon Uimufth llie luldbriln of taeeria. 



TC0poi>d0 to tlie basal i^nglion of lower vcrtubraLc« is yet uncertain^ the 
term Gatuftton tenlrale ttifinenti beiug weed to designate the Btructure (see 
i'ijf. :3). 

To the spticial ^nfilia of the thalamcncopbslcn muet bo reckoned tvo 
not dearly defined cell-agRre^Btioiia: one lying in ihe lateral portion of 
the bnw iind one close beside the median line. Into both pas» portions of 
the deeji medullnry stratum: into Ihe lateral one, the uncrosiied fibere, and 
into (he median one the crossed fibers of the median portion of the deep 
meduilarj stratum, llie nuclei may be designated as the hltmt and median 
dttp mdhrain-nuelti {mie. profund, ht. and nuc. profund, med., Fijf. 73). 

The midbrain-bfflse if nafumlly, in fishe«, traveraed aUo by those fiber» 
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which pass from the tlialADius to the cercbellaiu; fiuthermorG» fibers from 
the Dtcu9tciio iramvtrM (Fi^. 7'^), which cro^ jiosterior to the chiaama 
aod tuin backward to the midbniiQ-viiU on either Fide lutU they reach 
the oioel [MMiterinr rt-^iun nf the midbmin-ninf, probably ending in the 
gtmglin of the posterior qundrigeminnl Ixidira or in the GanQlion i^fAmi. 

Ifanng prcscnlvd ihe gradual dcvelopiueni of the niccvncepbainn, Ittt 
without R more detailed flcconni, turn to a »nmniar)- of the most im- 
porUnt featiinvi 

Snmmaiy.— From the roof of the meKocephalon ariMS Uie optic tract 
from vcIIb which, through their dendritic proceeeeä iBttduliUten), are in coro- 
muiiicdtion aitli the gn*At roof cnmnii^iire and with the bundles to the 
»enwiry tenninal nuclei in the oblongata and the spinal cnnl. From the 
gray nuitli'r Teittml lo the Ri|tiedact ariw fiber» of the yerrus oculo-molorius 
and of the Fasciciiiwi lonijUudinaUii. 

Tlie base i» occupied motitly with longitudinal bundles, tract«, and 
faecicuti to the spinal conl and to the cerebellnni; and the whole is em- 
hnced ventmtly by the decussation of the dei>p medullary stratum and 
laterally by the oncrowed fibers of the rame,— the fillet. 

The Btrticturc of the midbrain is, m far as knnvm, w all animnla the 
aame, except tliat thtMe ponioos of the fibers which pas» downwan) from 
ihr wot of the organ, — i.e., the Tmctii» optirtts and the fillet, — are much 
men.' highly developed in dnYiea »nd binU than in mammal«. In the latter, 
therefnre. there has takeii place a relative retrogrtsaive development. 

In other places a relalive increase of the volume of the midbrain haa 
taken place; not. however, conditioned ujwn a change in tlie structure of the 
midbrain itself,— ihot remains the same,— but npon the tracts wbich psee 
tbrtmgb the organ. In manunsbi large IraeU arise de&tiniMl for the pons or 
spinal cord. Th<>t« tracts find no room in the i>tmeture described above 
as typical for lower vertebratca. They pass unite venltal to that, giving rise 
tn a new extemnl ventral layer: the cenbral peavnchj. Lying dorsal to this 
i« the ht/m€nlal ggstem, common lo all rertubntcs; the cerebral ptdunclM 
rrprrsrnt a novum a^dUum which appear) only late in the animal kingdom. 

So the midbrain otTers again a good example of the fact that in the 
animal series (Toxonomic Series) no one segment of the brain iindergoea 
n st»'p-Iiy.st<-p progn-s-oivr di-relopmi-iit wbich is even approximately parallel 
lo the rank of the animal bs delemiined by its general simcturu. There is 
a particular organ gradually developed, which may be highly developed in 
organiums of medtan rnnk, while in organismH of higher rank it may be 
weakly developed, as we have seen to be the caec in the midbrain. The 
«Me may bo further complicated by the SHociation. here and there, of nev 
tracts arising in brain-segraents which, fn particukr elates, are especially 
developed. 



CHAPTEK X. 

Tub Iktekhilvin* : The THAr.AMKscnpHAtox. 

The snatoniical »pparatvi^ whieli has boon (k-)icribed is to oonstructcd 
that it may be lucked upon a^. in iho inaLu, compl«tt> in ittclf. Only a very 
few bundles paea anteriorly from Ihe organs above dcecribed. lloreorer, 
in the lower vertt-brutes ui k-asL only a few small tracts pass from thoee 
brain-eexiucut£ untcnur to the mnlbruiu ioto thu ganglia ivhicb lii; in the 
midbrain and obloncaia, or into the spinal eontors. CotwequcotJy. fishes, 
amphibians, and K-ptilc* never show eo marked derangement of functions 
where all of the brain anterior to tbo poateWor cunimi«giiTc ig removed as 
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Fig. "4- — Drain of a Nile crowHille. iialural »he. Tlic ccichnini covers t!ie 
tbotnmu* untcriarly: III« Trnctus optirua raven it Uteniltjr; k> Uiut oitIv a otiiull 
|i«it of the hypothiiUoiiu rcuuun« vUiblc; 



vb<>n the midbrain, with its great a&sociatiun-bundles and important tracte, 
is injured or when one injures the oblongata or the spinal cord. 

Rcpardin^ the physiological significance of that part of the brain be- 
tween the midbrain mid Iho cerebrum — viz., the Tkalamencepkahn — we 
Imov practically nothing and vre stand only on the threshold of morpho- 
logical knowledge. 

Poubtlees, however, the thalamencephalon is an important aegmcnt of 
the brain. Sine« from Petromyzon up through the rertcbrate«, however 
weakly one or the other hrain-ftegment may be developed, one iiiiiformly 
finds the interbrain anterior to the midbrain. In the externa! view of the 
hrain it is scarcely risible, because, even in those caws where it is not en- 
mantled by the hemispheres, still the midbrain-roof protnidcs beyond it, 
and, furthennore. it is complctclv covered laterallv through the gTvat flber- 
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gjBteiu of the optic tract, which passes down to the chiawna from the roof 
of the luidhnin. 

The best ätarting-point is the very »imply constructed thalamen- 
»phslon of the amphibian. It is an elongated body of oral croes-section, 
continuous antcnortv with the prOBencephalon and posteriorly with the 
iiit>M-Dcephalon. Clow behind the plexus chorioides of the oerebrum ta 
located on eitlier sid« a iniall ganglion, — Corpas habenulit. — and this 
division is designated the epil/ialamMs. On the rentral «ide lie »erera] 
prominvnecä and a^^ov^atinnü of gnn^lin which are, in pari, readily dis- 
tinguished from the rest of the thalamus, and are grouped together as the 
Bypoikahmifs. The principül body which lies between tlie»e two jiut 
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Fig. 7& — K««tl«i tlireugh Ihr Di«in>pliulon of Bnfo: to»! 



named retains tliv nam« Thatamiu. TIip^- ihrti- dividous ore practically 
demonstrable in nil Tertcbratet>, but the cpithalaniu» atone is uniform in its 
Btructurt-, thi! »IhtT divisions var^-inji; much in dilfcrent ßcneru. 

The central cavity of the Ihalomenccphalon is cloacd doisfllly with 
M^Tvral folds fif the same epithelial platp a*: hod formerly constituted tbo 
entire cncephalon (see Figs. 18 and 20). Bcäidra thi«, the roof contains the 
AImt» »r a small conimiMure: Commistura iabtRuhrig. 

Anteriorly the iniftbrain i» wparaled from the cranial cavity by the 
Lamina tfrminalin fuee Chapter IV, pa|[c 49). It is always narrow, and on 
•itltcr lide of it an opening leads into the central cavity of the hemispherei, 
which eTen in the embryonic period are craginatcd dorso- laterally from 
Uli« location. 
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The laminn tortniruilig of the limin, h<'foPc tiiming haclnrard to fomi 
the roof of ihc intcTljntin, pfl**e* fiiBt n ehort distance dors»lly, — Lamina 
tttpranfvroporica, — and then fall» in tlie usually sail-like, pendulous Tela 
chorwidta, from which, through anferiorly-directed erfigipntion8> the Plants 
choriuidei o{ the veutriclc is formed. In several amphibians (Fig. Ö5, B) 
and in Ihi! Oipoot. who^c brain am scarcely be dilTerentiated from the typ- 
ical niuphibian brain, the Tcia grows exuberantly into the central canity 
of the intfrrbrnin by the addition of numerous tap-liko procesaes. Close to 
tho epithelium there always lies» a, rich, vaseulnr plpjtu«. It is probable that 
the stmcture is an organ of secretion. Posterior to the Tela eliorioidea are 
one, or frequently several, doreally directed projections called Parapliysis and 
Epiphtjsts, according to their relatiye location (see Figs. 76 and 80). 
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Fig. 7«-— M«dinn aagitt«! aeotion titrough th« twain of thu liiMiri: Varaitua frUetU. 



Ju$t anterior tg the epiphyueal evagination, the entrance in rhich is 
not shown in the figure, lies regularly Ihe Ccmmissura habenuJans. It be- 
long» to the system of filirrs whinh puss into the naiujlia habeaula from the 
posterior olfactory region, and will bo considered later. 

The epiphyseal tube is Tery constant. In acreral Helacliians und in 
many reptileü this Mr>tcH)re passes through a hole in the skull to a sduc- 
orgai) under the skin wliieh has a sLrikiiig respmblance in an pye. On« ctn 
recognize in this impaired parietal organ a cornea, a lent^ a retina, and, 
belnw tili«, a pigmental layer. We are indebted to Graf and Spencer for its 
dificovery. In other vertebrates nni; finds in the adult stage no connection 
between the epiphyseal lube and the sense-oTgan. The epiphysis has with- 
drawn fl-ithin Ihe skull, and the parietal rve is so completely lost in the 
amphibian and reptilian transitional forme that in birds and luamraaU no 
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trace of it remain«. The blunt, often cnUrged ond of the tube tfmains u 
n little tubercle, — tht pineal ijlaml, — ^jiist anterior lo ihe midbrnia. 

The bade of the tbnlnniem'^phaloii is, in ihe median line at lea^i. 
eeparated from tbg skull bjr only a tbiu tuembmue. Within it nmi under 
it p«as importaal sjr»teiiiä ut trausvi-räc fibiTS, and just at the middle line 
the hypothalamiu is thickened into a sinicture of varying form. VeDtnl 
to the coramifisunil region of the ecrcbrum the lamina tenninalia ha« a 
small eviigination anterior to tho chiaftmn: the Rtcetsus prieopticiu. It 
then covers the hawil wall over the cliiaanin, through which it ia 
rtroDgly cnnred inward (Fig. 7*i), and then cunrcp outward, forming the 
Rtecsima pontoptieua. Still farther poaterior folloTS alwave a deep recess. 
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Pig. 77.— Sttgiltal M«t)oa UiTou^h tlio inrunililiulAr region of a ahark: 
. SfvUlnm ramicmta. 



which often ends in a narrow, often thread-like tub«; the tn^iiiMW&- 
u/um or RteeMiu infutulibularis. Tho projection which this makes upon 
the baae of the bniiu ia called the Tubtr cmertum. To the terminal tube 
of the infuiidibulum u applied tlic hi/poph^sis: an outgrowth from the 
oral epithelium to the haae of the »kulL In mammals it grows bo fast to the 
infundibnlum that it it customarj to refer to the end of the infundibuliun 
u the cranial part of the hypophyü». 

Kvpffer made n di«overv a few years ago that is destined to throw new 
light on the signiRcance of this strncture. In the embryos of lower verto- 
bntes — PetromyxoD. sturgeon, and others—there exist», for a period, a 
pwdliar evngination from the doraal side of the pnmitire pharynx and 
dircetcd forward. He railed thia the prwral gtU. 
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It is known that in the sliirgeon a passage leads from the exterior into 
this i>reord gut: t.«., the fundamcut of a ^panite mouth is established orer 
the {icnnauttat luouiii. This whole structure — the preoral cavity and thö 
preoxal gut, into which it leads — btiomes the hifp<fphtiei$. According to 
Kupffer, the evagination from the ornl cavity of craniate vertebrates — the 
bypopIiTei» — ie a vc&iigc of this old preornl cnvity. 

In lower vertebrates dorsal to the infundibulum the posterior wall of 
the infundibiiUun ig evaginated into a long, narrow epithelial tube whose 
waU* are thrown into numerous folds through the pressure of numerous 
blood-ve«sel8. The structure is called the Saccus vcacuUatu (ece Figs. &9 
and 77). Vilicu (he posterior end of the veutral wall of the inlerbrain joins 
to the bast; of the midbmiu one always IhuU a farther amall evagination: 



Fi^. n. — Horbontiil «wlion tlirough tlie lij^poiitifau of the r«;: Ha ja elaralo. 



the RectMita mammiilarig. In eelachin it containä large ridges and uodutoa 
of epithelium, and fonna a richly vascular etruoture evidently functional. 

Now that the dorsal and veotral portion of the intcrbrain have been 
deecribed, we may turn to the consideration of the lateral portioTis. Clo«c 
to the epith(-liu] roof there lie the Gumjlia hahentilft, onr on either eide, the 
distinctive ganglia nf the Epilhalamus (Tig. 75). In mtiny of the lower 
vertebrate« there in a differenr*' in the size of the two ganglia; otherwiae, 
however, the Ggl. habenul* offer a good example of a markedly constant 
brain-structure, varying neither through progression nor retrogression. 
From Petromyion to the mammals one alwaya find» them on cither side and 
a little to the front of the epiphyseal proceee. They contiat of two bodies, — 
a lateral and a median, — and are always separated from the cpiph>'8cal sac 
posteriorly by tlte Commitsvra habenulari» (Figs. 76, 79, S6). In am- 
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phibians and roptile« whore tho other ganglia of the thalamtig are only 
slightly developed relattvely, or in fUbe« where they ar« placed more to 
the Teniral position, the Ggl. habenutie occupy a position in front of all the 
other intcrbrain-gaoglla. When in hirds and mammalB the other con- 
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habenuin o( a turtle: 



Btitnente of the thalamcnccphalon develop more and more, Lhey press the 
epithalatniis eomcwhat back; to that Ihe whole rcmntning part of the 
interbrain lie« between it and the forcbrain. The relative location of the 
epipbyna remains, in the meantime, unaffected. 
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Tig. SO. — SftgltUl MHHion Ummgli tlia brtJn of Triton. liLl«nü (ron tlW 
inedi«n line, «howinfr the Fa*riculiM rclrnflestis: ulao the Tr, Stria- tttftlamkna 
ending In tlirec placet In the Intcibrain. 



The tract« which pass to the cpitlialamue are a« coottant u the dorelop- 
it. Firet, it always receives anteriorly from the olfactory region of the 
cerebrum an afferent tniet: Traetus olfacto-habfiiularig. To thi» is 
UHciated in those veHebrates above the amphibia a bundle from cerebral 
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cnrlex: Trartua eorlico-habenularis. Bolli together fonn the rcfitta 
Ihalami (see Fij;. 100). SoTeral gmnlliT niTorpnt biintllp» ncv(\ nnt bo mwi- 
tionetl. Renieiuber eiinply, ihal in ihe Ogl. habemilap nn important con- 
ncctiag bundle «ade. which is coiuposccl of libera ttom the posterior olfactory 
lobe and fibers to the ulfac-l^ry cortex. 

A large part of (he Gber» nf tbe Ta-nia thalaioi end, not direct in 
ganglia of the same side, but cro«5 to the one on the opposite si^e through 
tho Comroi**«rn habtnulnriB. The tenia conwBt« of b mcdullatwi and a 
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Fig. St. — FronUU aiMMion ttLraugh Ui« doiuil portion of tlic LliaUunu* opUcii* 
of ttie "lilind BUke": Anauin fr^giHs. GoIki inritioil. 



non-mc(Iiillal9d portion; th« »inic is tnie of the commissure. Figa. S9 and 
100 «hov tlie plan of the connection of the olfactory apparatuB and the 
Qgl. haheniilfc. 

The moT« median uf the two ganglia send» out a bundle rentrally: 
Tracltts hßbenulo-peduncularis, or Fasctcvlus rtlroftexus (see Vi^. 64 and 
80). Its fibers trnverec the whole liase of iuterbmin and midbrain and end 
not for posterior to Iho Oculomotoriue in a small ganglion Ijing quite Ten- 
tral in the bsw of the medulla, in the Corpus xnierptdufuulart (Fig. f>5). 
Here they break up, and their terminal fibers decuasst« vith those of the 
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otbor eide. The fasciculus and ifae corpus interpeduuculare are absolutely 
conttant througliout the irliule vertebrate series. 

Th»? g«ng!ia pt'culiar to Iho thalamu» inay only "be sharply differentiated 
from ihugc uf t)if liy pot hula mus in thi- mammals aad birds; iq Iomit vi-rte> 
bntcs the tvo redone mcrgo iolo one another. 

To the authur the 'Dialatnue of the reptile is best luioin], and, since 
the transition from tJiis to the same or^an of birds and mamnule may be 
readily made, it will be udviuable to be£;in with a close study of the former. 

Anteriorly there enlers into the thalamus from the corpus striatum of 
the i-erubrum a large bundle: Tr. strio-lhalamictiit. The bundle «jilits up in 
such a manner that each on« of the ganglia to be named imint-dialcly re- 
ceives fibers which, separated from the others, pass to it direct. This t-har- 
acU-nsvis all the thAlnmic- ganglia. 

The nucleus which strikes one ßrst is n large, round one, composed of 
immens miilttpolar celU, — the .Vu«7«im r^untlug Uialami. It is found tikc- 
wi** in birds, horw with il retort-shaped, posteriorly directed projoction. In 
fishes, also, it is a rerj' large ganglion. In the nucleus rolundus th« bundles 
oi the Tr. slrio-thalamicus split up into fine rays (Fig. 81), and from it 
■rises a fasciculus which, j^anaing backward, end» in the roof of the mid- 
brain: Tr. thalamo-tvi-talis (Fig. 83). The appeamuce of this nucleus and 
its eonucctions arc especially characteristic and very constant. 

S«mcwlmt anterior and dorsal to the Nuc. rotundu« in the neighbor- 
hood of the Ogl. habenuliD lies the A'uf. anterior (Figs. 70 and S3). From 
it arises a characteristic bundle, — characteristic of reptiles, birds, and mam- 
mals, — which, traversing the whole thalamus quite parallel to the Tr. 
haben ulo-peduDcularis, puses to the hose and is lost in the Corpus mnm- 
miliare located tlicre: Tr. thalaawmammiUaris (Fig. 83), — in tnammals 
cullcil the fatficufu* of Virr/ d'Aiyr. 

Vratrol to the two described nuclei one finds in reptile« and birds, 
probably also in fuhos, in the midst of the gray matter that surrounds the 
mtMÜfln ventricle, an cloiigattvl nucleus of large cclU: Xve. ma'jno-celluJan» 
ttrati grisei. It is probably Bbere from it that jmiss ventrally to cross just 
over the iufundibuhini us the Denutaiio snpra-infutulihalaris. Besides this^ 
it probably sends bundk« off posteriorly. 

In many reptiles, capeciully tttrttc«, in mammals, and pooaibly in birds, 
the two äAef of the vmtrirtilnr wall fuse together for a tittle distance in 
the midst of the thalamus. Thus arises the Commistura grista thaiami: the 
Commissnra niollte in mummnls. In crocodiles, tttrtles, and snakes there lies 
here n Inrpe nncleus, — median nocleus (Fig. 82). — the connections of whose 
fiber«^ art- not yet clear. At any rate, it receives filx-rs from the striatum and 
■ends fibers out liiterully. The median nucleus is not sharply defined, but 
there lie in the gray mattfu- uf the thalamus, some near to the median 
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nccieiis and some farther away, numeruuB apparently similar cells, which 
.■urround all of the other more clearly defined nuclei. 1 will designate the 
vhole RS the Nuc. diffusm Ikaiami. 

Afi was alrfadv nieiitiuncil. nc-arly th« whole exterual surface o( the 
thalamus 16 covüTcd by the dtstcondiuf; Qhera of the optic tract. Between 
the optic tract and the two described tliaUmic g«Qi;)ia lie? o donble gan- 
gUon-complei. which is very constant and is, indeed, to be reckoned in 
with the fimdamental ganglia of the opticus ejstcm: the Corpus genie- 
ulatitm laierate (Figs. 81, S2, 83, and 84). It is present in all vertebrnte«. 
In reptiles the author dilfereutiates an ant ero- ventral from a po9teri>-doraal 
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portion (see Fig. 82). It is possible that the latt» UMrgee into what in 
man is called the Corpus genicniatnm mediale. At leaat an annlogonsly 
located line may be seen in birdri nriiiing from the Deeuasalio transrcrMi 
■nd which may. in mammals, be followed ait far an lo and into ihe Geo- 
iculatnm mediale. There ahees from Ihe Corpus gcniculntum laterale — 
probably also from the Corp. genie, med. — a posteriorly directed StiJus 
eorp. genüulati, which is lost in the posterior portion of the midbraiu-roof, 
poflsibly communicating, on ihe way, with the nncIeiiB prsetectalie, later to 
be dcsorilM'd. In birds with ennrmoti^K' developed geniculatum it is very 
large. 
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Id the geniculatiiin a part of tJio optic iier%*L' cods in striking romific-t- 
tions in whoso miiUt ar« Iho deiidrit«« of clongaU'd (uKirurm oclis whos« 
median end ramifie« witliiu a bundli* wtUcK jirubably, aim, buloogs to tli« 
optic sjstfm. These struciiin?» are vtuli reprwenlw) in Fig. 81. 

lu the mid^t of all tlirsc ganj^lla vnd tbc 2'r. thaia-mo'huäiares ei apinales. 
It is, liowevtT, still impntteibic to dfeignati- juet what naclcue is tbc turminat 
one (»ev Fig. 64, Had. Thai). 

With the mention of tho A'w. tnhpeduneularü, a group of large Run* 
glion-wllfi niedinn to the Tr. strio-thalaraici, I have enumerated the nio«t 
important ganglia charaet eristic of the thalaiueucopbalon of lower Tt^e- 
braies. 

Fig. 83 aliowH a schematic representation of the nuclei of the thalnmn» 
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Fig. 83. — Schema a( th« (irlDciiMU Bud«ti aiul irui-la ol the liitcrbraln ol tlic yigeotL 

in the pi}ceon. It gives a good general idea of the structural relations 
alrvady i]uitc romplicated i» birds and as yet not well known. 

What is recognized as eammon to the nuclei of the thalamus in all 
lower Tertebrnti« ntnv be (hue enmmarizifl: 'I'hf nurlti of tht interbram 
fWMir« fibert from the hojtat yatujtia uf the fotrhrain, and ^i>« off }>o$ltrior\j) 
n«r traets to cmttrt trhuh U« at a hwrr Uiel Furihermort ihetf are jimttd 
to the gattplia of tht ktipolhalamua in manifold combxnationt. The fibers 
which pats to the roof of the tnidhrain and In the meditlln and spinal cord 
have already Iwen mentioned. Wc will soon find that also from the nuclei 
of the hypothalamus tracts lead to the cerclx-lltini and to olher rejrions of 
the midbmin than to the roof. So vit ue in the fkalammrtphafoti n ijrtai 
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etmior vrhich ib inacrted in between on important pnrt of the cerebrum and 
nearty sll other parts of the brain. 

Traces of a progressive development of the thalamus are found in the 
reptilw, where from the frontal <?«rebra! cortex a bundle arises n'hich, end- 
ing in the thalamus, represent« a direct cortico-tUalamie tract. In birds 
the tamt thing is even nior« evident, and one may recognize how, with tht 
dtvthpment of an cxUnded etrtbral corttx, more and mors bunditJ appear 
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wkwh paa from U into the ganglia of tht Ikaiamm. In mammals these 
Tr. ccrlico-thalamici hare undergone such a great development that the)' 
make the greatest ejetem of the thatamence]>ha[oD, and taken together are 
desiguatftd Corona radiata vi the Thalamus. With this trans formal ion there 
gOM hand in hud a (gradual enlargement of the ganglia; eo that it is no 
longer poeeible to recogniuft the oompamtivpiy «imple reUtions which Mist 
in reptilia and to homologizc rith eertaintj the largo thalamic nuclei of 
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maumalR vith the previoufJy dcAcribed nuclei of replilU. It will t¥quire 
much work jei before it is known wliat new stnictiirea have been introdoccd 
and irhat ia to be attributed onlv to the increase of t^lruclureä alreadv pres- 
ent At yet, it is not poeable to determioe more than that, in mammals, fibert 
from the Tr. siriti-lkalamu-i end in all or tifarli/ali of Ihe thalamic ganglia, 
and that the Tr. thaiataa-bulburtM ri spinalfx are developed from one iif Ihe 
veiUraJ nuchi. 

Only a few thalamic nuclei of mammaU niay be homoTogized with those 
of lower TCrtt'bmtcs; and th«-** will be more minutely deacribed, because, 
in them, we have learned to recognize the whole process of the addition to 
already oxieting a>-etem9 of cerebral tracts which are not Di'ce»i>an' to the 
existence of lower ■verlebrate«. Tirat, there it the Corp. 4ienicu}cUim. In 
all animala fibers from the the optic nerve paw into it. Fron] liirdii npwani 
in iJie vertebrate serieK there is formed a tract from the cerebral cortex to 
the optic center, niiether in birds it reaches [he genienlatmn is not 
known, but that it does so in manunals has been conclusively demonstrated. 
So yon see. anatomically recognizable, how the primitiTe terminal cent«r 
of the optic iier^e piL^j«?«, in higher animals, into relations with tracta which 
«rise in the organ of thought, of memory, of aasociatioii, etc. 

For the ventrol nucleu* in which the Irncte to the medulla and spinal 
cord end, n eimilnr wlaiion lia* olwi b4?*n recognized in the mommals. Here 
it roceivca afl'erent bundles from the cerebral cortex, indeed, from peycht»- 
motor areas: from cortical aren^ uhose low diminishes the abililv to carry 
out aojuired morements or movemoots which an the result of associatiTe 
reBexea. 

Though the«- nuclei exist in lower Tertebrate*, it is only in the highest 
of the aeries that the cerebral tracts arc added. 

So ffloch for the ganglia peculiar to the thalamus. There still remain« 
for (tonfii deration a narrow region that is usually reckoned in with it: the 
boundary region betueeu the inlerbrain and ihc niidbrain.the metathata» 
miu. 

Just anterior to the roof nf the midbrain and coiit innoim uitb i(, simply 
extending out into the thalamus anteriorly, wu find the .Vur. praiecialie. 

It has not been demonstrated yet in mammals, though I believe that 
it is to be recogaizcd in the m<'*t auterior [«rlimi of the ganglion r^-ckoncd 
tmtil now u belonging to the grny matic-r of the anterior quadrjgcminal 
body. Of this nucleus aomething has been said before (Figs. 71 and 7S), 
and also of the fact that in it pnihably bundles from the etilus oT the gen- 
iculatum end (Fig. 83). Median from it lie» a not ven- gimrply defined 
nucleus, from which the bundle» of the commissura posterior — Nw. com- 
misntra poaUriorif — appear to develop, and ventral to it one find», through- 
out the whole rertebnitv «erii.'«, the nueleu« of origin of the posterior ton^- 



DTFERBBAIK OB THXUXEKOBPIULOK. 



187 



tudinal hundl« (Fij?. 4'1): on elongated, pc-rpendictilarly piBccd nucleus 
which li« noiir the nipdian line, one on enoh gide. Krom it develop ihe most 
anterior fiber» ol the Fasciciihi.'! loiujitudinalig posttriör, the bundle which 
we hare repeatedly met from the »pinnl eord on to the interbrain. lliat it 
later receives bundles frpm tlie nuclei of the cerebral nerves ha» already been 
mentioned. 

The nucIeuB o( the posterior longitudinal faaciciilua liea rather far 
venlral. and might, in fact, be reckoned with the hypothalamus inatead of 
the tnetathalnmus. In fijhcs it certainly bclonge to the former. 

I.aterÄl from it — i.f., in the postero- lateral pinion of the thalumoa — 
lies the nvc\tms ntltpr iff/mmli: a naiially well-defined nuclear m&»6 from 
vhlch fibers arise which decussate soon after their origin, paea dorsally, and 
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Fig. 8£.— Fronlnl Mctioni Uirc^gli tbe boundnrv between the b*»c of tlM 
midtirnln uiiil lobl iufciiuT««. From ihe t«leosl: Hoarat iSHparwa. (A young 
«[KX-iinoti threw M>ptimot«nt long.) a, Xhi-Ibu« mMindiM thAtuni. IJ, Stip|il«BHin' 
tiiy nuclei of t!ic mmr. e, Tciit. jEpui^Elion ol infrrtor lobe. e. I n tu nil! but» m. f, 
It. ]obo-cer«beUaiU liontAlia. o, Tr. lobo'cerebellnrl« cniidRlis. A, FrU»«h'i com- 
niwur*. 4, Ogl- prurundiim mt-amrcptiiili«i Int. A, Ggl. lat. iDMCnci*pbBlici Torlu 
•nnic. J. Valviik nrcbrlH. tn, tu', n, 8i»iilo piirttouN of tiir ßber-bundU-ji rmnt the 
roof ieim bIm) Fip. Bi). a, Nucl. N. OculomoL and FuBckiUua longltuditifllii 
port, p, Comntlssura post. 



end in the ecrebellum. These bundles are comprelieuded under the term 
Tractva itgrnenUt-tenMlari»: Uie anterior peduncle of the cerebellum. For 
the nuclfuii see Fig. 8^; for the tract see Figs. 71 and 64, and for Ihe 
decui»Htion see Fig». 65, 83, and S4. 

We tum onr attention* now to the etructure a.t tlic baao of the inter- 
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braio, — to the ht/potiuilamva,~~ depending largelr upon the figure» for our 
medium of t-xpn-8Rii)n. 

Of til« niouy decu&eatioDs in th« baM of the interhraia tlie jiio^t im- 
poKAni iE that of t-be tractus optici: tk« rkiatmü. 

Just behind x\w chianiia, and rery cloivly sü^oi^iatMl irith it, lie the 
tract« fnini the Gatujlimi ectomamman (Kig. S7), which tc^oth«r form the 
Commüjuro post-fhiasmaiiai. 

Somewhat dorsal to them we find the bund!«B of the DecoMsatto Iran»' 
vtrsa, or (luJdrn'a commissure {fee Yig. 89). They arise from the most pos- 
terior porlJoQ of the midbrain, powibly from the Ggl. isthmi, vhich lies 
eloe« under the cerebellum (Fig. 88). 

Farther dor&al lieö a large<äbered decussation vhose constituents do- 
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tccnd from the gray mattt-r of the central cavity of the third ventricle: the 
Dtnittatio tiipra-infundibutiut. In the brain of the selachians and amphib- 
ians il is eAKV to got the greater part of the DeeusHtio transversa in a single 
Motion, m »lioun in Vig. 8S. 

From the somewhat uoinHpiring picture which the present condition of 
our knowUnilg« of thf hypothalamus of the low« vertebrat«« yields let us 
turn (CI a morv fncoiiraginjcuiie. 

To the tait really well-known tracts in the brain belongs that one 
Vblch w-rvi^s the funrtiftO of Tirion, The optic nerve has already been men- 
tfoni-'d irf I'Icnl to the description of the roof nf the midbrajn; hut, since 
are find all of ita fitters united just Bnt4>rior to the hypothalamus, it will be 
profllable to new the whole tract together. 
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We know at preseDl that parte of the optic nerve arieo horn the lurge 
gaoglioQ-celle of the retina (S. B. y Cajal, MonaJcov), and we knvw that tn- 
othcr port passes from the roof of the midbrain itself to be distributed in 
the retina. The retina itself miiy lie looked npon as a syBlcra of neurons 
arranged in strata one above the other. A part of those neurons stand in 
direct relation to the Opticus, as jiist etated; while a part ai-e connected 
with other cells, of the second, third, and fourth orders, propagating the 
stiaiulua received by the peripheral neurone of the fii-st order. In the midat 
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U many cells the distribiition of who« process« make it evident that they 
connect one part of tlie n^liua to another.* 

From the eyeball the optic nerve passee into the cranial cavity. In 
üshes whose eyes an> relativply much larger than man's, also in birds, the 
nerves in question are enormous, and in brain-sections of these aniraals 
dominate the field. At the baae of the skull they cross in the chiasma, 
which lie», as above stated, just anterior to the hypothaUmua. This dccue- 
aatioD ia, in moat animals, complete, but in some birds and probably in the 



' For s aioi* exact dM<Tipti<^ «>«• R. R. y CnjAl's tnitnogrnph oa Tha R«tiiut." 
There i« ■ Qemmi traoaUtion by Dr. Grref. 
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in the optic nerve after loss of the eyes could be compared with the -risual 
images received during life. 

The decussation is not, however, bo simple as repreEented in Figs. 87 
and 89. The bundles are plaited together more or less, in fishes one nerve 
passing through a slit in the other. 




_>.'■-- Tilariiartflld. 
.. Tr. Mho-IhiluB. 

..— Tr. optlou 



.>._>*» EtHOL Tr. Urmemt«4«TfbilL 
.... Otilonl. III. 
, Tr. ucto-bntk. •( lite. 



. OiMB. lanL 



Fig. 02.— HoriionUI sectioo through the brun of the Scyllitim canfcula to ihow 
the dMUiMtionB in the hue of the brain. 



Beyond the chiasmi» the reunited fasciculi pass backward and up- 
ward (Fig. 88), inclose the thalamus, sending into the externally located 
Corpus geniculatum a large portion of the collaterals from the fibers (com- 
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pan' Fif^. 81 and SS). The tmct thus bcconiee little poorer in ßben. 
Splitling up into numcroui; branches it now piescs to the roof of the mid- 
brain, when? it ig already familiär to you. These tracts flscending to the 
corpora ^uAcIrigeniina might h«? calM th» pedunclee of the quadrigemina» 
IS they hare beeu in mammals, but it ii preferable to retain the term 
"roots,*' because these tracts conlain in mammals aUo fibere from Ihc cere- 
bmm. 

In Kig. 66 one «crs a part of tlu- end« of the optic fibers. One may 
note here tliat they etnnti in cEo^c relation to those tracts which arise in 
the deep mediillated Stratum of the midbmin. Not only do the dendrites 
of (heee cells from which arise the biiudleg to the een&ory nuclei of the 
medulla and epinal cord dip into the midst of the optic eyetem, but bandies 
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Fig. 93. — ClOM-Mction tlirougk ulterior pvitian of Uutlaniua of BrytUuia cvitfculo. 



of axif,<ylindtn pass inio the optic layer from the genuory äber^systeto aboT© 
meotioDcd. 

In mammals a majority of the liber» of the optic end in the Geniculalum 
laterale and the rt-iimiiuler in the Teelmti raescuet-phali. 

Wc will not leave the coadidcration of the Thalnmcnccphaion without 
imprewinp the fact that thie Bcgmcnt of the brain, in lower vertebrates at 
any rato, ig joined to the cerebrum by relatively email tracts. I, therefore, 
pre^nt at the close of this chapter a section from the mo«t anterior portion 
of the interbrain of the ScjfUium canicuh just behind the Ogl. habenulie. 

Note that nearly Ihe wbole section is filled with the opticus and n-ith 
the commissures associated with the optic »ystem; also a few which cor- 
respond to the syidem of the ganglion habcnuhc. Note that to the cerebrum 
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the somewhat ventral bundles of the Tr. atrio-thalamici pass out. When 
the cerebral eortei becomes prominent, as in the higher animals, this tract 
is associated with those which pass from the cortex into the thalamus and 
also those which pass through and beyond the thalamus. But even up to 
mammals in the vertebrate series one can differentiate from the great fiber- 
systems, — the Capsula interna, — severed at this point, the bundle to the 
striatum: the Tr. strio-thalamicus. But in mammals they play a subor- 
dinate role as far as size indicates. 



CHAPTER XI. 
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Fitciu those brnin-sogmcnts already cnnsid«red in ttifFatnat rTlnnffo of 
vertebrate« rery varied direct tracts pasn iiito the anterior tflgmmtt! the 
cereLnim. In Xrogs the interbrain only ig eormeetetl with it; in other 
vcrk'brat*« the midlirain al»o, and, fluallj', in maimiiflls it receive« a coh- 
m-ciion with the »pinaJ cord, whtnse cemcrs utv, iu other animals, much more 
indepeudunt of it. A direct tract from cen.'brum to ccrcbdium ie not 
knoiro, but uveu here there is, in muuuunU. n jwaaible cunnuctian through 
the tegmental nucleus nnd Through the frouiAl gnnglifi. Th« inßuena tehich 
the cerelrrum must ex«rt ov&r the lower eenUrs direct is in. varying strength 
tuwrdinff to tk« ttrttbralt class. This fact, no evident to the oomparative 
anatomist, remained, coriougly enough, up to the present «luile ignored in 
the interpretation of phyaiological and psychological phenomena. 

It is importanl. nniurfllly, tu dmgnate which part of the ocrcbnim ia 
connected with uther pari» of the brain. You will »ee iit iincc that especially 
important tracts, those from the cortex, appear relatively lato in the series, 
id much later gtill do Ihey reach comparative porfeetion; indeed, it is 
ily in mammals that i^uch tmot^ pass to most of the other parte of the 
brain. 

We can imagine a schematic cerebrum. Picture to yourself the ovoid 
\esicle which evaginate^ frum the common Tentricle near the terminal 
iamiHa on cither aide. It incrcaece in thicknesa at the base, forming there 
a large body: the Corpus atrialiim. In the floor of the Tcaicle end the olfae- 
tor}' nerve- fibers, and we may at once ditferentiat« the olfaciortf apparatus 
from the corpus Btriatiun. Thus vp havit « Mcond — indeed, chiracteriatic 
—division of the cerebrum, — sonietimee, in fact, jiiven the dignity of a po- 
sition co-ordinate with the brain^gegmente, and called the ßhinencephalon. 
The portion which remains of the Fcsicle—namely, the roof and sides — is 
called the PaiUtim, or Manth. 

Tlie mantle may consist of (1) a simple epithelial plate, aa in teleoste; 
{£) the lateral portions may thicken into nerre^areas. as in cyclostomee; 
{Z) lateral wallfi and anterior walls may be thickened, aa in .lelachians, or, 
finally (4) nearly the complete mantle may be tranijfiirraed into hrain-sub- 
Kfancc. only the most posterior part retaining its epithelial character and 
persisting aa the Tela chorioidea. Thus is constmcted the hrain-mantle in 

" (H5) 
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nmpbibiaiMi and Mptilcs. in birds nnd mmnniAU. The dovolopmcnt of the 
maotlp i» of et^ccisl interest, rmm n gmflll bt>}(inninp in t«lv>o8t8 it develops 
into the «nomioue or;giin which we recognize in man a» the cerebral heini* 
fphere», and n'itb this development progresses the capaci^ (or the higher 
peycbical activities. 

Fig. *J0 gtiowB well thf «cparate ports of the embryonic huioaci br&iu, 
which luaT serve here as a prototype, since in the depicted OBt only itrucl- 
wiw tppcar which «re conetant in their rwurr<>iioc. Study, als«, Fig. 55, 
and note tbe ran'ing developoiftit of the mantle >how» in (he four sagitLat 
KCtiotu given. 

I. TUB OLrACTOBT APPADATl'S AND TUE CORPUS STßlAT(7H. 

These stnicttiree, together with the spinal cord, cerebellum» and mid- 
brain, show, through the whole aenes, little essentia] difference. 

Eicept the Ogl. habcnulie and opiic system, no other portion of the 
brain is to coDstant in structure ti the olfactory' apparatud. Only the rela- 
tive size varies; the stmctuml fcatarcs remain unchanged. For our Icnovl- 
edge of the stmctiiro ve are espet^ially indebted in S. R. y Cajnl, Van 
Oehuehten, Kolliker (nnd Edingor). 

From the epilheliiim of the DB^al mucous membrane (Fig. 16, a) long 
terminal fibrillie run backward. They are called Fila olfactoria, and pen 
through the cribriform plolc into the cranial cavity. 

Within the cranium lliey reach, after a longer or shorter course (accord- 
ing to the class), the anterior end of the brain, where they enter within it. 
The whole bundle, which may be snbdiTided, is called the Xemu olfae- 
toriut* 

Tlie Fila olfaetoria psfs lo «o anteriorly directed evagination of the 
foreh rain* vesicle. This evagination forms on the base of the brain a more 
or ]e«8 elongated tube which, in mo»t animah, remains hollow. Thbi tube 
is called /.dbuif oifactorita anterior, l-'rom the place where it paaecs iuto the 
baw of the brain begins (be posterior olfactory region, which in manunaU 
it called the Lobut olfoetorius p<*gttrior. Since in lower vertebrates the 
horaolog>* is not yet certain, we will designate the anterior simply as Lobtu 
olfartariutt, and tlie posterior, which includes the whole base of the brain, 
as ana olfarlnria. 

At the place where the Fila olfactorin enter the anterior end of tlie 
ntfactnrr lobe tliey break up. sometimes, after decus^tion and exchange of 
fibers, into rcrj- fine terminal ramificationp. These enter the apex of the 
lobo, where tbcy meet the terminal ramifications of cells which tie in that 

"Tht Urai /M4lf itlfacttrki wouM b« ■ hetUr mm>, *tnoo PJp. IS and IS shnw 
Uia FiU. 4ribetoria and lbs "oiUtiary oerrt" la W honiotoiroiu to tbe rooU al tlie 
iflnal an«l ni titmt «i tba etnnUI nctvas, bolng the imrranma of th« neurona involved. 
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region. Tims the fine ramification of the olfactory neuron of the I order 
come« into clos« reUtinn nirh the dendritee of cells whicL. represent th« 
olfactorj neuron of the 11 order. 

The united terminal ramiJlc'ations are to be »een, even vith low power, 
on alt eectioDs through tJie apex of the lohv a» spherical structures located 
juet beneath the fibers of the olfacton- nerve: OhmrniU oifaetvrit. From 
the olfactory' celU of the II oriler ariw new neuraxons;, and thene pas« back- 
ward toward the are* olfactorin. 

The entering and freely decussating Tila olftictoria, the dendrite« of 
the olfactor)' cell» {11 order), and the glomeruli together make, at the apei 
of the lobe, a characleriätic picture, which is called Formaiio bulbari«. 

In most animal» it makes n »welhng anteriorly, which is called the 
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1%. 94.— Sagittel iMtion throuj^h thit Bulhiu i>lfa«t«riiu of n. frog. 
tAfUT P. R. 7 Ctefal.) 



-Bulbus älfactoriut. SontctimC'?, however, the apex of the lobo is overlaid 
with the Formatio bnltxiris farther hnpk than the vigjble bulb reaches. 
Certaiu amphibian« and reptiles especially ghow a eecond ovoid bulbar for- 
mation on the median «ide of the lobe somewhat back of the utiual position. 
Emerging from tlie posterior and lateral polo of the spheroidal hnib 
one always aee« the olfactory tract of the II order, — Tractus olfadoritu, — 
which, at firet, coven the olfiiclory lohc, but later coltecUs in one or more 
bundli-e At its outer «tdc and ynstv» posteriorlv. This second olfoctoij 
bundle is 90 large that vitb the unaided eye it may ueually h« seen as a whit« 
bundle. Id eeveral leleoets Ih© olfactory bulb ie very large and located far 
forward in the fkuU. Tbvnee tht> tract» pn^ as two great white fasciculi 
on either aide backward into the brain. The^r might easit^T he miataken for 
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tlie olfactory ncrrc. vrhicli, however, tenoiiiater] at tlie mconapicuoiia olfac- 
tory lobe, aad the part of the olfactor)' Apparnliis which pasäc« from the 
lobe to the brain — to the Lobus olfaclorim postorior — most be deBgnitod 
the olfactory tract. 
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fig. W6.— Bmln ol the bu-bdi Barbiu flurtaUlia. (Sa^lul wcUon 
tMNf Ui« mmlUo Ihm) 



to the brain of Ih« liarbi*! (Fig. 95) one Bees the long course of the tract, 
ftlso the entranco of the 5U into the bulbiii:, which lies far anterior to the 
rest of the brain. In the perch, hon-eTer, the hulhitA is m cloae to the brain 
that the olfactory tract (Rad. olf.) is very short. 
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Kg, M.— Brain of /'rrra fltitiaUlit. Oltk<.-UiTf ajiparatua and corpiu atrbluni 
only ihowB. (SflgrillAl stctiAn •onMwh&l taU>nil.) 



The poftcrior end of tho secondary olfactory fibers voa long unknown 
niiLil C I>. Herrick wns able 1o show that one part ends in the baaal portion 
of the Lohns olfactoriu« posterior, and another part farther dorsal in a part 
of the brain which lies upon the corpii« atriattini. The author has carefully 



TBB CEBEBBirV OR I'AOSBKCBPHALON, 

studied the relatioDS in Raiics nnd reptiles and has dotermined that, in the 
recurrence of the same relflllnn in nnimala w far remote from each other in 
the äcries, we bave to do with h fiinrlaim'ntiil [iriiioiple. This uewly out- 
lined portioQ of the brotc, which alwa>:s lies clo«« to the coi'piia atriatum, I 
havt> desifrnated the Bpitttriatum. 

Tile Kpistrintum is raoct idiarply defined in the reptilian brain (see Fig. 
97), where it in also dilTerentiati'd in its minute structure (compare alao 
Fig. 118). 

\n amphibia the Hbers of the olfactory tract are, for the most part, noo- 
medullated, and in birds very sparingly so, since these animale have a 
somewhat atTi^plilc olfactory apparatna. Hence it hae not been possible to 
demonstrate, in l>oth, the courw of the fibers in question or the location of 
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Kij;. 07- — Uraiii uf lliv liznnl tlaranut), «hoMing Uic eourm of Uiir Diedian 
&h^n frum Bulbtw vlfacU>riu» and llie Epittriatuni, Lob. «II pv»U, with ita 
fiber», not «liown. 



th« O^i. epiitriatieum. In mnmraali the trBct from the bulb is w«ll knovn. 
One eees it pass backwanl on the base of Llic brain, and recognizes that 
bundles paae continuously from it into tho Lobus olfactoriue posterior, 
possibly into the cort#i of tho Lobus olfactorius anterior. The posterior 
end has, as yet. not been with certaiuty locatvd. It is possible that the 
(>tnicturc known as N'uc amygdala! corresponds to the Gpiatriaium of the 
lower Ycrtcbrates. 

The median portion of the s^ondcrg »ifaäorff tract ends, then, in the 
Episiriatvm, ii-hiU Ike lateral portion ends farther ventral in the Lohus 
otfaftorivs posterior. 

Kven in the teleosta — the carp, for example — one sees tliat, lateral to 
the large bundles tn route to the epistriatum — rix,, the mtdiaH fascictilu^^ 
smaller bundlea pas» into tlie area olfoctoria. This lateral olfadortf faeeicu- 
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Itu disappears in the itiidst of (he Ixibus olfuctorius posterior, which, more- 
orer, is not, bj superficial examinntion, to be differentiated from the etri- 
atuia, who« ventral portion it fonnB. 

The olfactory «pparatus of amphibia Iiaä not yet been ih-^ronghly 
Blutlied, but in reptilw ami in mammals one can readily recognixe that 
nuny fibers pass into the base of the brain, into the Lobiw olfactoriua poa- 
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VIg. M. — Sdiem« ot n kuriwnuJ mcUoo tbroush tlw bruin of CVpHniit 
«arpto, ikewinp ralNlu-uionB of the c«rfitii «trintuiBi ilw th« raune of Uie olhc- 
toij Abcrtymlcffi. 



Lurior; alao that fiben dimpiwar in the Lobu« olfaotoriufi anterior. Thcr 
plunjie in. to break np into fine terminal ramißoatione and come into rcla- 
LioD with the dendrile« of the largo colls, — bore called cortei-pynimidii. 
Conwaponding with this distribution, we had to a»stune two cla«*« of ftliert": 
the Tt. intB}ii-iip\ttriaHc\ and the Tr. buBto-eoHieatti; in the laat^named 
tract wen.' dilTfri'ntiate«! tiliet» for the anterior, and ill»*« for the posterior 
portion of Ihe olfartory li»l»p*. Finally a rimnt-cliiin probably aUo exists, 
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fttleut in large reptiles, between the cortex of the olfactory lobes and the 
epistTiatum: Tr. corlieo-epimirialieua. 

The olfflctory ;i|ipHriitus, then, as far as dL-scribetl, consistii of a etitn- 
biontion nf at least iwo neurons: n periphpriil neuron of the I ordrr, from 
the wisbI mucou» membrane to the bulbiis; and a central neuron of the 
II order, from the bulbiia to one of the scTcral termini above enumerated. 
But from theee t«rmiiiation& proceed other tracts of the third, or higher, 
order. In the first place, the olfactory centers — i.e.. the terminations of the 
U neuron are itniformlr connected by a tract with the Epithalamus, espe- 
cially with the GrI. habcnulw. Carefullj study these relatioiw in Fig. 98. 
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Vig. 99, — Kronlit) uvtion toioiigh tlift mcmt jxi«t4?rior |i(fi"1ioii uf llio C»r">- 
brum of llin SivMnfi-turtlv; Empn \ttMria. NdK- donwüly Itif muiillc witli it« 
«atex, v^ntrnllj- tli« tmnaiUon to the thulaniua vith tbe UBd«rlytnf; clilun», 
at tJic right Llic posterior md uf Üic alf«<lory trgion. 

A second rnnni!Ction paaeea from the olfactory center to the brain- 
»rtei. Tliia tract might b« dcwffnated the 2'r. corlico-olfattorii. It ifl 
Absent in Tishe», ie proluihly pn-iti'Ut iii arnphibiaus and l>ir*U. and is well 
developed in reptilec and maramaU. 

The cortieo-ol factory tract ig, as you will Had later, the firrt connection 
which wan edtahlished between Ihn brain-corlM and any sensory appuratug. 
Jufit becaiiAP of tbici tm)KirtHnt fnrt this tract will be disriifsed later in 
connection with thv dcrelupmi-nt of the liraiu-tnontie. 
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The cortical center of Ihe olfactory' ai>paratii6 reaches in mammals its 
highest tlerelopment. ITere tlicre are develop«'! numerous a^sociation- 
bimrllee, and the surface i» cnormoiuljr enlarged, including whole lobes: 
Lobus comu Ammoni» and Lobiis pyriformia. 

These portious of the bntiu are to be looked upon as highty-or^nized 
c«)l<-ni which TKCive their slimtilation from the lower olfactory mrehjinisai, 
but which, through their structure, are infl<ie cnpahle of estendcd inde- 
pendent activitj. 

Thas> in the vertebrate serie* there is added to the lower olfactoiy 
mechanism a higher one, which gradtiall}' increases in extent. 

Having given a general view uf the olfactory apparatus as at present 
understood for the vertebrate«, let m study in the accompanyiug figure (Fig. 
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Fig. 100.— Sthcina ot the olfiittorj- npparata* ot ■ lUnrd bntia. 



1 00) an ideal sagittal section throiij:h a lizanl-bmin, where the parte already 
descnbed may be s^n viewed, with their connections. The olfactory lobe 
lies anteriorly, covered by the Formatio bulbaris, into which the File 
olfactoria fnim tlii! nasal mucous membrane pass. Posterior to tlie Lobus 
olfactorius lies the Area olfactoria, ami Htill farther back the Xuc. Iienie 
(Tid>. Thtrn.), obov« which are the i-platriatum and Htriatum. Over 
the whole is spread the mantle, which bears the cortex. Except for the 
monttfi connections, which appear flrst in thr srnphihin, Ihe schema holds 
for all vcrlebrates. lliat the cortical connections are not nbfoluti-ly essential 
to the sense of smell is demottstrated by the fact thai fishes have a finely 
developed olfactory apparatti£, hut possess no sort of a cortical connection. 

Ali portionR nf the brnin which are in any way brought into relation 
with the olfactory apparatus are connected wiüi the corresponding portion 
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of tlie opposite side thrnugh etrnng commisetiTal fi1)er8. These bundles all 
cro« the median line at one place, dcsi^atcd the Commissura arUerior. 
Tbis cotntniasure lies in the Lamina lernuiiaiia near the base, and is ex- 
cecdiogly constant (Figs, la, 70, niul luu). The various bundles are best 
Icnoun at presv-nt in the reptiles. Even'thinp now known indicates tliat the 
relations are the same in the other Tirtebrate» a» in reptiles. 

The commissnres of the olfactory apparatus are shown schematically 
ID Fig. lOI. 

II. THE CORPUS STBIATUM. 

The CoTfinf utriatum ties above the olfactory apparatus. It is a some- 
what ovoid body which project* up into the ventricle of the cerebnim from 
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Fig. lOl-^-SulienuL of the comitiissuKH of thi> olbiotory mwhanlnil of tiw 
rvplila («wnjutrti' Vig. 08}. I'ari epistrtat., Epiatriutlc «ommlMur«. Pan OtfHooL, 
Comtniuuro of oltiictarT o>rU\ of ono Iwintoptier« with th&t ol other. Para 
ottnel., fiainiu cofuiectciu LobI olfa«l«rlL 



the haw of the e«rebruin, occupying the Mme plare in all animals from the 
fishea to man. 

11 ia not usually to be seen in the uncut brain, because it is covered in by 
the brain-mantle, and hes really in the floor of thi; enmnntled ventricle. 
Only in fishes, where the mantle is represented by a thin membrane, is it 
to be roeognized through the mantle. Id this case it forms what is colled 
the frontal lobe. The mow highly developed the mantle, — as in mam- 
mals, — the more unimportant appears the structure — so large relatively 
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in tli« lower verl«l>rat». In Ihc figiire of tlte cod-fish brnin {Fig. 38) one 
Tccogmit«^ the vorpiLH stnntiim in the lurg« ]>roniin<'nce at the fmntat end. 
U one wiehiil to clianp- ilii.s figure to reprwent a niarninalian br«in, he 
vould have to draw I he htminphrres, wholly' wanting in the teleosts, OTer 
tht baial structure« of the forebrain. The figured fish-brain ts to b« com- 
pared luorphologicolly to a human brain, from which on« lias diuected off 
the h«niepher«e, leaving the stnatum in «ttu. 

The invest igatioit» tif V. Gchiiohten on teleoslR and those of the author 



■ "fti^ 



Pi|f. KK^-FronUl Mvtioii ot tbc turrliruln u( n Ir1«»t, bound«! alKive by tlie 
«o1umn«r c|>lUi«lluiii, «hlrh ltirki«Hi Ihe i-piilrirulHr t-nvily. The Ash-bfUin ■■ 
drkwn HllJiln thp r.-natwir of n mMiniiuliHii 1>min in arAex to »how tbc idfttioa 
in titv and jmciUon ot Uio •trwturw iilMln-' <.'oii«i<lcmliifn. 



on rvpUIea, «wtaliliidied tlie tact that, from the great multipolar cells vhick 
lie juat in the center of the striatum, liir>(e bundles of fibers arise: aln 
tlmt flbr» whirh (viniir In that organ fnmi hohind end thetL- in mmificAliune. 
'ITie whole lihct-flyitteDi hn-t been previously ih-sigualcd the basal for»- 
hrain-hundU ; hut KiniTall »f its fflt^ioiili lOid in Ihv ganglia uf the thalnmue 
or metathalamufl, a more appropriate name would be Tr. itric-thalamici. 
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Tlua tract hÜitikMlAf'lMill cncoutitvrcd in Uio dcecription of the interbrain. 
A careful revifiw ni Kigs. T3 ftud 8n will be profltftblc in this conn«ction. 
Through the Tr. gfrio't/ialamici the basal gauglia of the CorebnuD arc 
most intinuitvly connootml with the gangtiu of the isterbroiu. Thes4< tncts 
are exceed inglrooQatant. and. though they urc recognizvt] with e^poc-iu) easQ 
in ttleost« buoauae of the lack oi other fiber-s^-stenia from the forebrain. 
jet it is possible to demouätrute thciu io urai>hibiana (I-'ißs. 75 and 80), in 
reptiles (Fi^. 7^. 81. and 8^). ia hirdi« (t'igi. S3 und 84), and in uiamiuals. 
They ftrc nalurally ks* pruminvnt in the lost, vhcre the fihcr-svjttciii (rora 
tbc cortex to the interbrain and to part« of the bruin located still farther 
posterior ig especially highly developed. Their discovery vtss llrsl made 
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Tig. 103. — Diagrnninratie frontal section tlirougll the brain ol a turllc 
(left) iwd of u liHud (right). 



possible through embryological methode: later, also, through the study 
of degenerations. If one remove the whole mantle from a dog's brain. — a 
feat »uceessfiilly aecoinphShed by Monakow »n Iho newborn nnimal and by 
Goltz on the adult, — all tin- bundloä which ariäe from the mantle degenerate. 
and thoec wBicb &rise from Ihe striAtuiu reuaiu intact. In th« stained 
section the« are l>ri^uj.'ht out- into prnniinonpe. In Vig. Ii»2 it hns bwsn 
attempted to make the mantle more rlcar by inscribing a »ection through 
the eorpUB elriaUun of a teleost within the contour of a human brain. 
One sees at once that the fiber-system of the strianuii (alls in the region 
wliicli in nrnrnmaU i* designated ua the anterior limb of the Capsuta >'»• 
tema. In the teleont thi' thin mantle is insiirni/lcant in couiparison to the 
Htriatiim; in mammals the relation is nearly reversed; but in bird«, where 
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the corpus strinhim tvtchoB rctnarknble «ize, it makeB the tnnjor part of the 
forebnün, nolwidigifliidiiiR itio presenct- of a fnirly developed muitle, 

In turtle« the enormous develop nu-nt of the basal gaiiglia. eepecislty 
thp development of a mrwgtrialun, and of the cpistriatam and the disap- 
pearance of the lateral honis of the ventricle uiakcs a crosa-Beelion wliich is 
coBiplelely different from the brain of other reptiles, and remind« oub 
»trongly of the bird-bnia («tudy Fi^. 103). 

The cholonian brain, with its onormom basal ganfrlin ind «li^ht ä^ 
Tclopment of the manUe> is more lil^c the arinn brain than is any othc 
reptilian brain. 

Tile Corpus flTtottim ol birds and mammals is, up to the present, wet 
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F%. 101. — FroaUl wntion tbrotigh (he bmin o< a jnrrot. A MmewbiLt Bchemalla] 
«ooiiM^t« of MTtni wrüU »cctionit into on« figur«. 



VnowQ only in its principal features; much yet i» lacking to furnish a clear 
understanding of it, especially in its SMbdivisions. The author's experimenla 
in degeueratiOD show one tiling, however: Neither in reptUee. in birds, 
Dor in mammals can one throngb rnnoTsI of the corpus efri&tiim cause 
degsneratinn of parts poHlL-rior to the midbrain. Tliit« indicates that thai 
important and c<mstant Btrueture, tk« striatum, ounfinos its efferent Qber- 
■yvtcm eacnttally to the thalamns and the hjpothalamns. The individual 
bundles of the atrio-thalamici are developed to n varying degree, according to 
the tile of the thalamic ganglia to which thry go. for example, the bundle 
to the large hypothalaraos in the teleost is enormous, — Tr. alrio-hypoihala- 
mtf«. — while io other animal» it is often dUEcult to find. 
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The higher Tcrtebraioe — the birds and th* niamraBia—manifost in the 
structure o( llio corpus alriatum an especial winätructiou. In mammals it 
is divided into a lateral and a vivdiaii portion by fibers from the cerebral 
cortex vhicli hiaect it. The lateral jKirtiou is designated as the Putamea 
and the median [lurliun ae the Na^cletis caudalus. äeveriil ganglia — Globus 
pailidus — lie on the uiediaa side of the Pulameu, whose nature i* nut yet 
imdcntood, and which are to closely a£8oeiätL-d with the Putamen that tbcv 
are grouped with tbv latter (lod the whole ganglion-cömplex called the 
}lve. Imlifortnis. This will be more fully dieciissed sulwwjuently. In bird» 
the Piitaroeu and both poriionsof the Globus pailidus are demonstrable, but 
the diviaioos of thiä porlioa of the etnutum from the Xiic. eaudatus is not ao 
iharp as in mammals, tieenuse the fihers from the eortei which, as Capsula 
inierna in mammale. separate» the two pottioutt are in birds only slightly 
dcrelo|K>d. Notwithstamling that, one can -with c«rtainty ncognise in birda 
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Fig. i05. — SfhftiuBtic frontkl Metictw of the fonbratu, to ■how the poaitian 
of til« strlntum «»d It« fiber-system in rvlatloa to tlia wbole. A, Brain of a 
Tdrast; S, Of R Bird; C, of a Uatnnial. 

that from th« Pulamcit, located e:ttremely lateraUy, a thick bundle passes 
inward, where it meets thoae tibere which arise in other part£ of the striatum. 
The two bundles together pa«8 to the nuclei of the thalamus (see Figs. S3, 
i\, and 10-1). , 

Thus the Tr. etrio-thalamiei arc composed in the bird, as in the mam- 
mal, of a median bundle and of one which joins it from the outer side. 
The lateral bundle include» in mnmmab the greater part of the fibers of the 
cerebral base which pass down from Ihe cortex. It is there called the 
"loop" of the JJucIcHs lentifonui«. The me«lian portion corresponds in hird» 
and mammals according to itä position exnctlr the same oa is shown in l-'ig. 
108 for the fish-brain. Thus it belong» to that collection of fibers which 
is designated as the Capsula inttnta. 
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158 ANATOUT OF THE CEKTBAL IfEBTOUS SYBTEV. 

Of the physiological significance of the corpus striatum ve know 
nothing at all. All experiments carried out on the brains of liehes have only 
induced disturbance of the sense of smell when the anterior lobes were 
severed. Up to the present no animal from which the striata alone had been 
removed has been observed for any considerable time. This operation seems 
to be possible only in the teleosts, where there is no mantle to complicate 
the operation. 

Even for the olfactory apparatus, experiments which throw light upon 
it are few. It has become possible only through the eiperiments of the 
last years to give it the anatomical dignity of separating it into different 
territories. Probably the comparative observation of animals with a cortical 
olfactory apparatus and animals without it will lead to the desired results. 

The questions are; Do fishes smell in the same manner as do the higher 
vertebrates? Do they interpret their olfactory impressions differently? 
Are they able to retain these impressions in their memory? 




With the otfiictorr apparatus and the coqius Btriatum, tre hare de- 
Bcribcd everything that ii^ CDiiitnon to tfa« ProseiicuphaU of all rertebratce. 
Wo come nov to the coDsuleration of the varifible portion of the forebrain, 
namely, Iha Mantle. 

As mantle, or palliuiu, we have ilesignati^cl all of thuHe portions of the 
wall of ihe eeivliral vesicli? not included in the olfnclorv apjiaiatus anil ihe 
atrialum; tliat is, the doreiil and lati-ral vraJl» of the ei-Tehruin. It liaa 
already been meDtirmcd that in aeveral lower T(.-rtebratC'» the largest part of 
it ia formed of a simple irpithclial plate. Of the epithelial toautle at the 
teleo«i Fig». 8ß and 107 fiimigh a furticient pictiire. In cyclostomc« portion» 
of the wall on either side of the bn^l ganjclion «Klend upward, ending in a 
folded epitlielinl mcDitimiu'. Sl\idTiiezku hat; reeently designated these 
atructui-e« as Ulvral areas of thf inantle. Their minuto stmetupe is, how- 
ever, too little known to JMBlifj- a dwision. It » poeaible that we hare to deal 
here with simply a dorsally directed cxtensinn tif the striatiim. In rars and 
aliarke, representative!* uf Ltit- eclaehian«, the mantle ia developed; indeed 
the most anterior portion is »o enonnoujlv thickened and the lateral por- 
tions projcrt BO far inward ihnt in the Krwitpi" f«n of the forehrain of 
eplacliian» ill? rentriole i» (t)>lit<Tatod, nnd Iti rtirs it is to he demonutrnttnl in 
only the most posterior portions. In mort uharka it is present, and eren ita 
projeclinns into the (»Ifartory lobes are to hi- riTojniiz«!. But even here, 
since the anterior wall of the brain is diflproportiowitfty thicfepned, it pro- 
jecta moatly far orer the region of origin of the olfaetory lobet^ so that they 
do not lie anteriorly, as in the other vertebrates, bnt laterally and remot« 
from the frtmtal portion of the cerebniin. I» tlii" way the brain of the 
selachian divergee mueh in fornvfrom the brains of otho' Tertebrat«B, as is 
shown in Fig. 1(^6. It tliiis cumM tbm throuj.'!) Ih^ thickening of the walla 
the division into hemisphprc» is often so mawkwl ( Fig. 106. B) that it is only 
recognizable micnwcopic-HlIy thrmigh the liner ßbera and through the nar- 
row vaacular cleft between the right and Iffi hemispheres. 

In the mantle of all olhcr vertpbrates a drcp grooTv separatee the right 
from the left ventriele. It reaches posteriorly to the lamina terminalia, 
near which the cerebral vesicleö have eraginated. All of the comraieaurea 

(159) 
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which join iho homisphercs to the atriatuni trav«reo the I^mma tormiiiaUs 
(see Fig. 101). In mamnials for the flret tiini? thore arise« late in the oni- 
br)'Onic period, dorsal and anterior \o the LaminH Ifnniiialis. a new eyäteni 
of transveree fibers deatined to connect cortical regions ot one hemisphere 
trith those of the otJicr: Corpus callosutn. 

The mantle of higher rertebratce is differcntittcd from tho«c of tclcosta 
aod ganoids through a very csRcntial feature. It is no longer eimple ept- 
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Y\g. 106. — SelMbiau fantin«, «honing tbv \'iiriaii* dcvdopinml of Ui« bruin- 
DiMiüe l> differvnl Bpedm. A. Brain uf üüleua cunt« ; 0. erf Rafa mlmJrtMit. C, 
Tb« ««rebrtun of CarriariaM. All are iliav'B in uatuntl li». In A tli« TeU 
chwIoiilM !■ r«EiM>v«il, giving n glimpM of the Tentriclo of Ibc ThAlameaccylulon. 



tbelium, but ctHubt« of numeroue cells which receive and send out Dcrve- 
nb):ri>: thit i^. thv lUHntlu hu? become a nervous mecbouicm. This lUL-cIiAn- 
um, which 18 uot luuoli developed in the amphibiatu, rcacho«, in tlic rt-pttle^ 
the ODDdition of a well marked hToin-cortex» diffcnrntiated from the other 
lover« of the maottf. 



TUR CRRBRItüU OS rROäEMCEPHALON'. 

There is no other part oi the brain wTiicIi approximates the cerebral 
mantli; in the Kreat chaiiffes in the progrcsdion and rctrogrcseioa numifested; 
ant1, fiince this i» itivulv<-d iii the cxistiiDce of certain higher psychic activi- 
tieo» let UB now prrKX-ud vith the conaidoratiou of tlic most iutcrcätiiig field 
of hrain-anatomy. 

Kirsl, a» Ut the outer form. What has alread}' hoen said regarding the 
fi«Iachiaii mantl« hue ghown that in that clas» of vcrtobrates only the antorioi 
region of the mantle i6 of nerTe-tiseuc, hut that larger or «mailer portion» — 
according to apecie^ — of even the |>osterior |>art of the uiantle have given 
np the charactur of :(impli- epithelium. 

Xotc in Kif. lOi tliL- thin inantle of ihe troul as cumimn-d with the 
enonnous thidtcning which the anterior portion of the mantle has under- 
gone in the ray (Fig. 108). Then note tluit in tlio nnfphibio (Fig. 109) the 
thickeniug has progressed much fartln»r posterior. Further note that th« 
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Fig. lO;.— Sdiemati« Mf^Hal ««rtlon of an embr>-oiutl t«)co«teaii t>nfn (tmtt). 



brain oi the reptile, with its slreaily deruloping cortical suhülance (Fig. 110), 
fumu a transition tn the binls. on one &iile, and to m&miuals, on the other 
■idefFig». Ill and 113). 

In our description of the hemiepheree, which we will always find in 
amphibia and upward in the vertebrate series, it will he beet to take oa a 
etnrting-poinl the ovaidal form. Id ampUibian« and reptiles the smaller an* 
terior end of the ovoid merges into the olfaiitury lubes, while, on the median 
side, — (he one turned toward ih« other hemiephere, — there takes place w 
marked a flattening that only a vertical cleft remains hetireen the two halTes 
of the brain. 

In the midst of the cleft the two halves of the brain are connected by 
the nnpairod Lamina terminalis. which \>A£6<:i in a convex lino from above 
downward and forward. But the hemisphercä have been developed, not only 
anteriorly from the I^mioa (erminslie, as is stated in the embryologieal in- 
troduction. They usuallr extend doisally as well as ventrally from the 
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Inmina. Thv rlnrsHl pctrtion in diroctcd jinetcriorly ami may tte dc^if^nalod 
an tlie Pi/his vrciffiliiliK pailii. 

'file vciKrsI [irnji-f:ti(tn, whirh is preRpnt only in a nidimentÄry form in 
ampliibiai]« anil replilm (Fiji. 113), should Iip called Poltis lempitraJie. Intn 
holh llii-M- poles ilm ventriciilar cavity extend», forming a posterior l^om 
out] an uiftrinr har». 
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Fl^. I%— SMgittnl Mctlon of ■ wUehinn bruin |the ni]r|. 

TTie nearly ovoid hurawplinn» itf llie amphibian corrwjioiiil uiosl closely 
io tixu «.-hematieally dwcribed brain. Utit wen in tli* n-ptilcs the outer 
form ntniiiteslfl (niilc nmrknl viirialiniis in the ilevi-Uipiiifiit, ncntnhiig to 
Ibu fumUie:^. Wheji uiu- finally pOMH-» up tliroii>;lt thv bird« and manunol« 
he eoon moots the widest variations in fomi. 



" ' -^\ 



Of 



i^nM 



:TtmH'*''-' 



K« 



,).K . ^t^ 



6V*-** 



^ 



¥\g. HAl—StgytM wctioB «t on flniphlbian Ivrntn. 



At ßrit there i^ in ampliibinn». a hardly noticeable groove between tho 
olfactory lotie and the mantle, ninning outward and downwanl on the mar* 
gin of the tnntitb-, called the f »i-m limbira. This groove, separating the 
olfactory apparatus fmiu the mantle, i^ always clearly marked in mammalt!. 
Tho dorclopmenl of the individual pnles niTera ceecntial differences. Somo 
have «uggc«led for the Poliw frontalis nf the lower vertebmtn« the term 
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larity bptwcon ihe iiirtle-brain and the avian brain; and, on the other band, 
by the dcvelopmeni of tlit- akuU, which is never without, mflueiice. 

In higher vertebrates vith the great development of the mnntlc appear 
tlie groQWt, or sulci. Since they iin> particulirlr developed in thi^ main- 
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t'i);. llä^-ScliciUHÜc nii|[ittnl «wlioa of u miisimnlMD lirain. 

nmUAn brain, they will be minntflv described in a Inter chapter. The brains 
of raoat reptiles poseces onl}- the Fovea limbica a« boundary bptvreen two 
diiTorcfit |H)rtion& of the mantle. However, there ie recognizable in the largo 
snakes and still better in turtlce another shallow groove, which lie« near the 
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Fig. llX—tixtfToml Viru <>f Hit- hntiii nt the Uutrd: 1'ai'ttMiu. 
(EnlatgMl (oDr liniM.) 

Upper i'<I«f of llii* mantle and extend? fnr a shorter or lonppr dit<tenee parallel 
lo it. In liirda ihia Forra rolliileralis i-" mnrv clearly developed. It is not a 
real snleiiA t>ueh ta traveree the mammalinn brain. We hare to do liore with 
a tentnil and doreal proj>c1ion of the mantle, which ia dependent upon the 
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devplopmcnt of tlit* slriiituni (eci* t'i^. IDS, B). Uvtwccn ttic two pnjsetioiu 
Kmoins the proovc. which has been dcsijmalod the Fovea coUat*ralie. 

Somewhat more fuiuplicntcd tlmn llie nn-aiigoiuoDl of the otiter aspect 
of the hemiephercs ie thst o( ih^ medioji wall. In the amphibia this wall has 
UDdergoue so littlo cSifTL-ren nation, that ia et-rtain species — indeed, in differ- 
ent apccimeiiii of the same? speciL»* — it may he grown to the adjacent wall of 
the other hcmisphrro for a ^matcT or lee« dislance. 

Siieh ig n«t the case in reptiles. Wliiln all thr feature» lo he here de- 
scribed arc present in amphibia in a ruilinienUry form, it in only in the 
highly organized roptiiian brain that they come out into prominonee. Here 
one can easily make Eeveral eitlidi visions, subdivision» which, as will he 
brought out laler in the deuoriptiou of the niaaimalian brain,, trill serve as 
imporianl points of departure in iollowlng ih* further development 
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V'lg. 114. — Inner w»ll ol • hritiinfliorv of ih« refriiltua knii»: 
trom Vai-anua ffriathti. 



1. The median surface of the olfactory apparatoB near the base: Ana 
parotfactoritt. Tn reptiles there are prominent afqrre^rations of ganglia here, 
which give rise to bundles of Hbers. 

2. Poeterior to this and somewhat fartlier dorsal lies that portion of the 
median wall designated the Septum, which also contains a ganglion in n-p- 
tiles, in birds is ätrongly atrophied, while in mammals, again, it cxintaina a 
small ganglion and ia called the Septum ptUueidum. 

3. Dorsal to the two portions named is tho cortical portion of th« tnn*p 
vtaU. 

In tho dorsal portion of th« area pamiractoria there begins regularly 
a deep sulcus, vliich, running to the Lamina terrainalis in the upper margin 
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of the septum, divide the whole inner side into a doreal and & T«ntral pnr- 
Uon Only the dui-Hsl portion is covered with cortical tissue. Tliis !^ulcu3, 
■which tliu« foniis tht- vi-mnil lnuuidaij- of tlie limin-i'iirtex, [wrsist» thrtmjjh- 
ont the whole anitual serii» after ittt appt-arance in the replileit. lu th« 
accompanyiii^r fipiK 1 1 1 1> it i» calle«] Fifuura artuala septi, hul in maiumals 
it a called the "inuer margiiml fiwure." 

Into the cortex which covers the doreul portion of the Kcptum an im- 
portÄHt bundle n^^ilnrly ontcre: the Tr. olfactoriut »fpti. It an*« from 
the olfacton- apparatus of the baee of the brain; its fibers eonverpo toward 
the median brain -tin rfnee, thence pat« upu'iml and Iwekwiinl into the eortex. 
The region in which it ends is, on lliis ac-cLuint. culled the olfaotorv cort«i. 
In amphibia, with uncerlniiity, (lemonslmble; this bumlle ii always promi> 
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Fig. 1 lA.— fiiigltlat ««ctian through ihe brain of ■ rhirkni. 



It in ivplilifi tfnd mtiuimiilia (»ee Fig. 1 14). In bin)», however, It jü veiled 
by ■ bundle, which \* c»{Htcially developed in thvee aniinaU — Tr. u/ito- 
mfSfnrffthaliru» — «nd which, uri^in): in n widi- oripn from the dorsal portion 
of Ihe rorlex neiir hi^ o«l)re where it inmH outward, ij" spread out upon iho 
ioner «urface uf llie avian brain like a hroad. white fan. nenehin)|> the bate 
of the bntin, it enein'!!*« it with e\leriiiilly directetl fiben^ and just anterior 
to the opliL- tract, which it reaelie* on the hiterul aspect of the brain, paaw» 
again tipwnnl and IwiekwnnI to diiuip|K-ar in the mo«t anterinr portion of the 
ro(»f of the midhruin. 'I'liui' I hi» tract connect» llic midbrain with h piir- 
tieular cortieal ivgion (Kip. 115), It is fnre*hiiduwe'l in rcj>|jlc», hut hm 
not be«n locaioil in manimaU. 

If one makes a frontal section thronph the forehrai« of any of the 
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higher vertehrato!, Ihe nioro anterior »cctions iiln'a}-^ kIiow nn apprüximat4>ly 
owil outline on wlioee Im*« the curpiw tilriattiin lies (see Fif.'. 103); farther 
posterior (Kig. Ifil) one fiiiilä tlie septum on the itim-r wall, whieh loses its 
previouel; simple features: and fiually oni^ tomet (Fig. !I'J) to tli« pkce 
where the miintli^ uieririy into tin- chororil pk-.viisiiiitl iiwriiriKi:" purely epithe- 
lial (Fig. I'JO). .\t tliis point in the bwo of the- brain ilie lioiindnry between 
the fnrcbrnin and the intcrUmin iit tiitnully rojichet), »nd one «tee« upon the 
fiwtions the tnifls nhich iiliitp these two segnient* nf Oic hrsiii. 

Thff author assiiines that thii* brief cU'seriplioii illiislrated by ilic figures 
hit» siifficiently familiarized the reailer with the outer fomi of the <Trebruin, 
nuil will now descrilie tlie strurliire of eerlain \mris of tlie inaiille. 

As tlie cross-sections of the wliole amphibian brain is ptrikingly like 
the embrroDic brains of the other vertebrate», eo «ven in the forebrain a 
letnre vill he found vhich aIwat» rtwurs in higher vertebrates in the 
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pig. Ittt.— Scfiion iUri'U«li itn^ itinitll' "f a (m^Lrain. lAflHr 
I'pJrw Katii'in J- Cnjul.i 



embri'onie poriod. Thus, one ean, in a siertion through the eerehrnl unll, 
unially ditfereiitintr nnly two layers: an inner one rich in eellx nnd an outer 
one sparsely filled with cells. At several plai-c* in the mantle. — near ihn 
olfactonr sppamtus. for example. — in the anterior part nf the Uegio parnlfac- 
toria, ami Ihen in the postero-niedian region of the nianih' the intier layer 
chowa eapecial prcijections: evidently n greater development of the cells 
whieh constitute it. Ooo<l sections well stained ehow that the inner layer 
next to the ventricle ia formed of «.'pithelial cells, which wnd their long 
branching proceRACü up thmrgh the entire mantle to the outer surfnre, thus 
nuking a framc-worU for the braln-msntle (s«'p Fig. IUI, the left margin). 
This frame-work, formed of the terminal proces.«efi of epithelial cells, is. lie- 
side» this, present, also, in all purruHw of the brain posterior to this, ami is 
persistent even in the reptilia. In birds and maminaU a large part nf the 
terminal proL-esses disii]i|ii'ar in p(.>st-eii)l>ryonnl life, 'flien, farther outward 
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there arc niimprciUR celU. which, for th« tnort part, rnnoot !>e reco^izpd a» 
gim^lion-reJI«, but nilhcr retain tlio cliAraclor of nviirublaels ttiroughoiit life. 
Between ihem. howevt-r. lie iru(> ganglioD-c-ellü. with profiisvl^' branching 
denilritce and sUm nciiraxona. TIip majoritj of these ncuraxooa may be 
traced upnartl toitnnl tli<^ bniiii-^urfiiL'i-; but n »^ninll minorilv lake their 
couiw bt'tn^wn the RonglJon-tolU ami the cpitiiclial c*lU, and mark the be- 
ginning of thfi auWorlical medullarif latjtr. Whither they go in Bniphibia is 
not l^nonn, but it i^ prn1inb1i> th<-y go mnetly in tho commissures of tho 
niaDtl«. From single fibers which pass outward from this eubiwrtical 
medullary layer and from ihoso wliich pM« direct from the cells to the sur- 
facu of tlic brain thvn< \i fonaed jitst undur the »iirfuce of the bruin a fine 
net-woric: the ia»genliai rrUcuium. Bosidee the two sounre^ named, the 
Dcnnixons of colli which lie in tho tangcntinl reticulum itaolf participate in 
the formation of the net-work. 

This quilo in'egiilarly dif;po«c<l apparnttu must Iw looked npon as the 
fundament of a bnin-cortei, beeaiiso in reptiles one finds just the same 
element«, only in iiineh jrreaUT nuniWr an<] thiekne««, arranged, further* 
more, in uiore regular and uiimi»takablt! btrala. In theeu animals uu fur- 
ther doubt can exist that one haa in ihia structure to deal with a cortei, 
from which, ta we diall hv later, Ihc highly epeeialized and well known 
cortex of higher rertebrntee may be derivwl. 

It \b, indeed, one of the p^wtcst serricee Thich 8. R«m6n y Cajat has 
heelowcd in the field »f liriiin-nnatimiy tliat he has demonstrated the (ype 
which recurs in Ibe s-muliin> of ihe braiiJ-eorlex in all claseea of vcrtobmtM 
and tliat bo designated the features thai ebaniclerir« a braio-cortex. The 
author's own inv^iigatiomt on amphibia und rejililia coincide throughout 
with ihc imporiaDt tlisi-oi erj' of the Spjuiiüli savarU. 

A meet eseenlial feature of the cortical structure, and one alwny« recog- 
nizable, ia tliu fact that llief<e fiber» nri^nate and end, and tlut there exiat 
innvinerable possibilities for the association cf incoming and outgoing fiber«. 

In the coTlex of the rejitile one may from without inward dilTerontiate 
(I) the tangential layer of fiber«, (2) a mofernJar epll-tayer. (3) a layer of 
pifrantiiliil eell», (4) the layer of the Plrsuf ^uhcurlimUt, {b) the meditllartf 
emüer, and (6) the tentricular epilhtlium (compare Fig. 117). 

Thin relfltirely simple appamtns is. however, «o e<tnfitructed, even in 
terlobnile« of »> low rank »fi (he reptiles that it alTonl:^ an nInio&L infinite 
posaibtlity for combination» ti single cells and tracts (study, again, Fig. 117). 

But the cortex is not, by any menn«, uniform o-ver the whole mantle. 
Even in reptiles une can dilTerenliate panirular cortical areas one from 
another. Tlie author would differentiate at least three wparate areas in 
the cortex of the n'[itile (üee Fig. 103), lo which might be added hh a fourth 
the cortex on the Conntt frontalis pwllii, which belongs possibly to the olfac- 
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tory apparatus; fiirtlierniore, this areo wnds out a separate biinälo which 
pmlmLly ends in the tbulatnii». Of tliow ccirtioal porlioas depicted iu Fig. 
103, Hit Dtiu desigiiiil*-'(l us dorxifincdiiiii atva is i-spi-ciiilly itiU'tx:-aüug. It 
covers Üie wliolc niodinu siite of the bmin, ]mi<acs tht- dono-mvdiau edge, 
c-str-nili" i>ilt IfitfTslIy ovrr tlic oulcr surfarr of the liraiii. qik! iiiohiili-« Uifit 
olfictorj- bundle montionod in the lfl*t chapter. Kxtcrnn! to this and ocpo- 
Tated from it bii" a narrow cleft lies another intoresting cortim! portion. 
This, the dormi area or plat«, covers noi only the doRtil portion of the 
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tXf. 117.— fVctiun o( vorltx iifai mHinn tlnnui] ■■djt« of tlie niantlu ul 
Lntvrta »[ftlt«. Golgi Bloining. 



outer wttil. but uirns toward the median line on the vetitra! surface covering] 
the epistnatiim. Thvse rolatioMB are preserved throiigliout life in llic lortle. 
They are well shown in. Fig. 118. Xote, also, in this figure how the medul- 
latpil tiiiif^ntiid layer heiid« iniriinl tnwiini Ibf epistriatiim. Note, aluo, thSj 
Tr, bullio-epistriaticu». Vt-mtal from (he dorsal plate lies the Utteral plaUf' 
which adhere» closely to the Btriatiim (is possibly identical with it), called, 
in nammala, the daualrum. 

It is interesting to note that th« cortical area which leceivee the oft- 
mcntioncd olfactory bundle Temaine on the inner edge of the hemisphere, 
not only in the reptileft, but also in mammalR. In most reptiles it prcsenti 




the olftctnrT appAMtU6 liiu lon^ euicc Iiccn dc^KnuUil ofi the O^m« 
Arnmoni«. 

TIm> itivi-etigaiinn of lliv nmphihian tiroin makt« it vor^- prolmhlo Ihftt 
exactly the corresjiondiufr region u( the manlle-wall rew»ir« olfactorj- con- 
nect! uns. 

Brora, aud later Zuctcerkandl. demonHtrst«], aiier QumerouH c(>m[iHri- 
»an», that in rimmmHl.« the t-xtvnnon n[ Animnn's hom nnil thi- corlrx Ivin^ 
itvriur tn it undiT tht- linihir fUiturr is c'uni]ili*ti*t; dependent npnn the 
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development of the nlfactory njiparntii*; so ilep^-ndnit tliat, in a(|Ui«ic mmn- 
mals with atrojiliifil oiraptfirifs. this m>r)ical nrvH i« iIcnHmutrulile only in 
nnlimfiit8r_v form, wliilp in Ihp burrowing rodeiil* il may allnin an enor- 
nioue development. 

TliPiiUKli these invefltijwtions the deiiionstralion seems com}»lt?te Ihat 
tho corlit-ul pwriion jiistt «.lewonled is the cprlical center lor the sense o£ 
amoU. 

Kot only dow & filier-syslem end in the rnrrii Amnmnis, hut a bundle 
arise« from il and cniiimi.isiin's eiit^-r it. A large assnrlnient >t( fibei-s coni»^ 
into rt'lation with this coitiral area. Before they enter they all distrilmte 
themsflvi'fi »Ion;/ the ventral niar,irin «nd form an important nillircliün of 
niTVf-lilxTf dec^ignatcd the Fimbria. Thy finihria always occnpies the Mine 
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Fig. 119. — Section tliroitgli tli* posterior porlton of the |pft boininjihwp: -t, of ■ 
tJunrtl— rn'uwi'Jt tjr'meuH; H. of ■ Moiwp rmlir>-«. 



poBition in nil Tertehnite«; it acconipBnie» the ventral nmrgiu «f tlu- rornu, 
atid, tlien-rort'. in rc|)tilei« lii-it dorsal to thi- Kiii^iira aniiata K'pti. In lliu 
|«i5tt>nor portion of tlie heiiiiEtphercs wiu'r*- the niwlian «■»II of tho hraJn 
mpi^ffps into the Plojciii« chorioideun the filier-srütein of the fimbria lie* bo- 
tw(-en the«c> Rtrnrtnnv ami the cortex. lA>t n^i now iioniiidt-r the HheK whleli 
«riM> hi the olfactory cortex, and aUo the conimii*iiraI fUwrs, 

Reptile» and mammal» which liave we]l-devfilo[»Ml olfactory cortices, 
probalilr aI»o amphihians and hirds. pnf*e83 two bimdleft which charactmÄe 
Ihii^ cortical ref:irtn and always otciir in the same pUve. The two hnitdli>s 
ar» generally together designated the Fornix. But it is mor« advitiahle to 
su1}dirtde the bundle into two partü a('c<^rding to their terminations Com- 
ing from the ]H)ntprii)r jmrt of the olfaelory eoriex they together pasa a 
•hort distance vcntrally to about the level of the commiwura anterior, and 
thi-n ihey turn towani the po«tenor. Here the previoualy united bundle 



ir« 



AXATOMT or Tm! CTtXTHAt XBBTOC» SrSTT)!. 



flJTide» into tvo parle: one buodle going to Üie Ggl. liabenul», — Tr. 
Cortico-fnihfnutari». — and aiiolluT one to t!le Corpus matniUare on tlie btse 
of the hvjKtihaianiitit. — Tr. fl^^^ic^^•mam^}^ar^s (»ec Fig. IDO). The laUur, 
espectnlly, is a wl-II dHimil binullc vaifiW fnlloui-d in its üovim, lon^ known 
in ujiiiiiiiihIf af tla- Fnmir cahivin. In birds it ie rerv tliin. In binU and 
Ti'ptiled tb<; fornix \mB6t6 in a miliar Mraight course from its origin to its 
itTininu». But in manunale, where, through the j^reat devdopmont of the 
manilo, iho olfaotory cortpx rw.'cd«« far lo the posterior and in jiart bend» 
vemniUj (Figs, la?, 333, and U3), ibe Tr. eorlico-mamillaris must follow 
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rig. ISO.— KiiibIbI acdJon ihrnugh the [loalcnor crrcbiul portion of Uw 
yiailt MUika: fytln/m btrittnlti: DotmI. Iti« nuinttc: vrnlnil, tli» tiaiiiittoiul 
rtgioa of tit« 1'I)«UiiinB. 



the nur^D of the hemiepber« and run a rather long arcuate course Wfore 
it oan turn dovn to the corpus mamilUre just behind the oommisenra 
anterior. 

fleäidefl Ibe Fornix ^stera the olfactory cortex is cliaracterized bj a 
commiuural system whiob cnnnocts tbe rifibt side nitb the left, tbs 
bundles are designated a» Commigatira a»l. and post, pallii. In mummala 
the whole complex in celled the PsaUenum. In the lowest ordera of mam- 
innN it forms tbe only mantle commissure; in the higher orders there is ■ 
second conunieenre. tbe Corpus eaUntum. Tbe latter connerts mBntl4^•arau 
whidi do not belong to the olfactory apparatus, and is usually, especially ia 
man, much larger than the commissures of tbe olfactor>' mantle, because. 



a« we shall ece later, of the liish dex'elopment oi mantle not ytst descrlbeä. 
The corpus ualloätn» iiln-ays lies dorsul to tli« olfactory ronuniäsiire and is 
n&tuiall}' corrvspouiiiiigh' longer niu] thiekiT the more lhi> iniiiitk' is ex- 
Iviided. It is iuiigrat in up«« and in man ami ühortc^C in rodents and in 
iiiKctirorH. 

The phyaiolo^c-jil signifinanccuf^liehraiii-cortcx has come to be knoum 
through a great number of admirable etudire on the mammalian brain in th« 
course* of the last twenty-five yeare. The experiments upon animals and 
the obserraticna upon man, observations n'hich daily lead to new and inter- 
esting result«, have j-ielded the follou Jdj:: The corftx may he aceepied as thai 
part of Ihi brain wiiiek ifrtrs as the basis of Ihe highest fsi/vhic functions. 
Upon the normal txislencr atui coniJilion nf ihr brain-cortex deptmt all of Ikosf 
ahilifiea uhtdi may be aequind bti aludif, nearlif all of Ihose aeiivHivi which art 
txecuUd fry the ner of memory-pirlurfs, and tsprriaili/ all of Uiot« paifchic 
pncttM» which Ke Itrm ajtiOcialioHä. 

One may conceive the whole cortical apparatus as a gigantic aiaoci&tion- 
cent^r, to which from withuut tlirnngh rülatively narrow tracts such impres- 
sions ma}' be uondurtod an havo ähvady found their first termini iii deeper 
centers: primary brain-renters. From this cortical aasociation-center tract« 
paw down to more posterior brain-rirgions wliicli are adapted to call forth 
moreroonts, etc., through their agency. Thr> sum of all these tracts is desig- 
nated Corona raJtala. 

That whioli determine!? the size and extent of the rortex-bearing mantle 
is not the usually narrow tracts, but the development of the asaociation- 
jlbers which afford the iwesibility to receive the afferent sensory imprc^iions 
in the vury grciitpst variety of ways, to inhibit or suppress, to <<ra)nato, to 
associate with previounly received one», and finally to harmonize the flctjvi* 
ties with ocijuired mi-mory-ptcturcs. We know also that special activities are 
performed by special <T<trliciil nn-as: thnt the cortex subilividp» into a num- 
ber of eeparate regions which nrc functionally different. Numerous iaverti- 
gatioQs of the lost years have made us more definitely acquainted with the 
surface of the mammalian brain-mantl-?. The results of these investigations 
taught us that f«r(«iii areas, varyiug accordjng to the sppoies, are more 
dereloped, and certain one-s le»a eo. Our knowledge of the ph^rsiologicol 
(ognificance of these mrticji] Jireas is. in many rases, slight, but it is the task 
of the immediate future to study the development of these cortical areas: 
B tjisk which, happily, is already undertaken for certain species of mammals. 

'llius, since, according to the prweal state of our knowledge, the cortex 
may be acccpt«d as the location »I those pgychic functions which are con- 
scionsly executed after eonsidemioa, through use of memory-pictures, i» 
ie the demonstration of a curlicul bundle to Ihc nucleus of a special sensory 
apparatus of great interest to comparative psychology. 
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Hvul-i^ it scvna to am the most important result under cotiAtd«ralion 
up trt ihf p«-Äi-nt tinn', that wo hnvc l>wn nhlc to dcmon^trale thnt Ih firH 
toriieal arra d«vfhpHt in the animal Icintidotn wa» thr olfaetory cortej. The 
olfactory cortex i» tlw oorlox ot iho doreo-in^'dian area, lit^nuec just this area 
is where the fiWre from the teniiiuiDf of the «ecoudarv olfaciorj tract end. 
A clovr vhicli could ihrou li^ht on the ftmctiona) aiguitlcanee of utiier eor> 
ticftl area* in rcptilts has not been found. They mav lielong to the olfactory 
appurntu», but not nn-rr^arjly »». 

That (he oUli*»! cortex rv|>rwcnl* VMcnlially only a »inj;K- iscn»ory center 
— tho olfactory epntrr; that nil aip*oointioni* whieh «pn-c ihem as a foiinda- 
lion. all niemory-jiictures whJeli Iher retaiii. nre siieli n* serve et-pocJally the 
«en»i< of eniell: theae fnets fiirnigh a point of deparliire for new investiga- 
tiona in ihc fifld of comparative psv-cliotogj*. Studies in animal psyehology 
have, up tn the present time. Itvcn lia»e<l upon Ino eomplieaied [»ychic 
phenouit'ua. We munt Gr^l knuvr «hut eeiiiwry impreuioti« o lovrt-r anim&l 
iitay rriYiVf, what it may rttain, aiuI hovr far— directly or throu};h ajtfociative 
thnuf^ht — it ii> able to inttrpr^t these imp^'l'sions. Then only shall wo be 
pre{>antl to approueh the complicated prolileuu vhich have QiuallY been 
otlempied. 

Let us now turn hack to llie purely morphological consicleratioud. and 
determine Ürfl how. in the course of the verlebrat« ««ries, other tracts hail's 
been axeociuted with the cortical olfaetory tracts; how the complicaleil 
appiimtut' whiuh we m*i' in the nuininiiilian brain eame to be. 

I'nforlunately there ia not mueh that can he reported. There ST© 
everywhere (taiw in our knowtedp?, everywhere it rcqwirea more diligent 
colIahornTion in thi> tiold only n-ci-ntly diseovered. 

Wo have «et a^de the olfaetory' eemer while we studied (he coanevtiona 
which joined the nifactori- apparalu» with the cortex. Though we may not 
ftiid with eertainty al>o in reptile« another and »imilar connection, we may 
turn !•> the nviitn brain, wbirh will furnish a number of other bundles con- 
uectiiiK the cortex with pari» of the brain lyiny; farther hack. 

Most intcrwlinK to me fn>m the slaml-point of comparutivv [wychology 
jfi the bundle which nriM-i' in the oeeipital rejpon of the brain, pa»^o« forward 
to tH'nd sharply downwar«! and Ittictiwanl. and thence pB»«e^ to the termini 
of the optic nerre in the midbmin. The Tr, OrripUo'mexrncfpJialiniM is wo 
cnornioiidly rk-relojivd in the pigeon ibat ii appear« to be one of the very 
tar^vt bundles of the whole brain. The reptiles poft««t«. apparently in the 
Nunc location, a thin bundle; it \» net. however. abN>tiitely certain, A 
pigeon in whiih one liae itevered this bundle appears to lie bhnd in the eye 
on the ndc oppoaitc the aovcrcd bundle, taking its bearings with ditlicalty 
and Hlwny« with the eye that hn« the iininjnred wntral vi«ual fieW. We 
know thai up to mammals and man there exist« such a tract frnm the 
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primary opticfti cpntor» to the occipital Inhcv. nnd I nil) show later how in 
nianiiQok oil of tho?o fmiptinns whit'li wf conpcivo ri^ "«'c-inji with iimlpr- 
8t«n(1ing, recognilioii ami interpretation" nre fiependem upon the eniiretj 
of Uie occipital Iol>e. Tints, in fitrde, l^rsl in the sfrtcs, the firtmarif iipiieal 
apfianifnf: is connfirled trith (hf corliral meriianiitin . t'lKlniihtedlv a great-er 
capacity fur service is liiue nmdc possible for the \isu«l apparatuä. 

It will DOW bf more ewilv understood liovr bird« work — in pari — with 
very hiphiy <loYclope<l pots^iliilirioi» f^^r viiiml memories. The intoTprctation 
of olfnctory improwioii» may be stilTieicnt for the jiiipply of life-nccesiiities for 
the earth-grovcling lower rortehrate^. lint for birrt» tho Mino thing would 
not be advanlflgeou«, For, flying far above tlieir food, their horn«», etc^ thej 
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Fig. 121^ — Corapaalt« o( Mrtmü lat<Tnl tupMnl Bootiati« from a pi^fon'o hrftin 
»liowlnff cIm voam of tlie Ti. oci-iplL(>-iD»eiic«|))ialicu». 



miut be able 1o TCcogniKe these by sight, und. more limn that, to differentittte 
them fn)Ui all other iiiuiitarly npjK-tirinjf ubjee[«t. Hettall ta thi:^ [:niini-i-liim 
the uncning awoop of the bird of prey upon its Tictim; the migratJorii^ the 
«rtain rolwrti of the c-nrrier-pijreon, etc. 

Another bundle which nriaes in the cartes of the «vian bmin ha» been 
mentioned alrendy- — the Tt. Sffh-mfafncfpha!ini.f (Fig. 115). This «tandd 
in cloM? ronnection with the terminations of the optic nerve and with the 
sensory ftiDL'tinns of the midbrain. Regnrding the functions whust- bearer it 
U wc know nnt-bing as yet with much certainly. lie severing does uol cause 
dietiirbaoce of viuon (Jensen), nor does it cause indubitable motar di»- 
tnrhAnccif. 
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Wl> UK yet (at short of auawvTiug the iiucstton wbirli pre6«Dts it«oir at 
once after the«^ uljitenutiuD»: What fuuciiont haa th« primary end'apjia- 
ntna — i.*., the dcrji tvutiT — vt lb« sensory Dcrres in the brain? We know 
aimply what uccum in nmnniinls when thvy arc deprived of their connection 
with cnrtiral center. Now, it is mil at all improbable thai, in the niessuf« 
that !h« psychical acli^iiy of ihu- «-ortci incrcasM, the activity of tbc dccp^T 
center decreases. Fortunately w« poetess in the teleofta organistna which 
pooeees no t-ortox at all and only tlie lower centers. On the« new obaerr»- 
liuns ahuuld )>u iniiiituted. Il is a^keil: Wlial is Uic reptile more capable of 
accHDipltehiiig in the realni of tmeU~'m the interpretation of his olfactory 
pcri'i-ptiuiJH — than a luh. now tliiit it i» demoiuitraled that lu the olfactory 
appentni) of Ihp nptilc a cortical n-ntcr hnfi hcen added? Similar invetrtiga- 
tioDs arc needed for the visual iippamtus, eincf! a difference must exist be> 
t«cen tlic vieioD of a telcost, whoae optic tract cud« in the midbrain, and 
thai of u bird or inaiumal, which posfcfi»««, from the primaty optical center 
to the cerebral cortex, a tract which meeta there an extension assocfation- 
apimmtiis. 

'Vhv brain-cortex enten into connection with a Dumber of connections 
which are located far posterior to the cerebrum, llivsc come into promt- 
nencc for the firtt time in all tht'ir complexity in tin- mammals, and we sliall 
have tn etttdy them more cIo«(*ly when the mammalian brain is under con- 
ridentJoD. Dot u low in the eeriee ts the reptiles one ßnds a portion of 
the Corona nxdiaia coniin« from the frontal pole and ending probably in the 
Thalamus — Tr. eortieti-lhaliimicug. This \\sry conico-iiinlamic conn«?lion 
beoomea later very slrou;^. as already incidentally mentioned in tlie descrip- 
tion of the thalamic miclfi. (Ither «cry thin fasciculi of tbe Corona radiata 
have been obaorvcd in binl». but.uDce their termini are in«ut1icieutly known, 
their enumeration woutrl be of liltio interest here. Though there arc in 
reptiles and birds no cortical eoiUH-ctions to parts which lie poatenoi to tbc 
thatamiie, yet such connections occur in mammals more and more in the 
ascending' animal series. The cortex becomes ever larger, ever more im- 
purtunt for the activity of the animal orufauism when the mechauisBis which 
deTclop under the influento of uim> aiul thought are {H-rfected. 

Tlie ^'reat importance of the brain-cortex for activity In association is 
eridi-ni, not only from Ihr (tl»en>-HtinnH which have been made on animals 
deprived of cortical oreiu ami an men with diseased cortical nrea», Init also 
from its structure, since, as you have already »een, the cortex of the reptil« 
affords fXlniofditiArily preat piiBsibiliiiei; for afisoeiallon of afferent impres- 
siona. Innumeralilc contacti« coiine<-l there the cell« and the tract« of the 
most varyinjT provinces. In birdti. but still more in nmrnmuls, there are still 
several bmp Imndliit which |»lbs /n>m one portion of the cortex to another. 
These nre cslli.-d A/uodnlion-ininclln. In Tig. 121 there may be seen de- 
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picted in the pigeon two of thcae bundle» which are for the purpoBe oi con- 
necting the frontal vith the occipital segment of the mAntl«. llie dorsal 
one paaje« close beneath the cortex, while the ventral one paesea over the 
surfsoe of the mnntle, ju«t like the ßbors of the layer of cortical UBodatioii 
(see aUo Fig. 83). 

The mantle of bircl» is, bo far ab we now knoT, not much more extended 
than that of reptiles. Only in the frontal portions, and theo in the occipital 
lobe, — appearing here for the ßrst time, — does it manifest any essential 
progress. 

In order that you may quite clearly recognize the development of the 
hrain-manllc, — thp inore*«e of the cortical area, — I present in Fig. 1Ä3 a 
reptilian brain which J have inscribed within the brain of ore of the lowest 
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Hf. ]22.--&sitlal Mdion through the hrain of nn »lull ray. 



mamniftls: a mtmpul. Tb* reptilian brain ia so tnecrihcd that the two 
pgaitfrxn eotncide (sec page 172). 

Hie similarity of the two brains h at once apparent; one notes that the 
Gyrus limb — comu Amtnon\it—n^ the one correBponds tn the eame feature 
of the other; indeed, one recognizes that the olfactorj' tract, which enters 
into Ammon'a horn anteriorly from the base, exactly corresponds in the two 
.dgat«8. Compare especially Fig. 114, where, in the brain of the lizard, this 
bundle appears just like the above. But this experiment has not it« sole 
rignifieance on the morphftlogioa! side. It should also show especially in 
what directions (he farthest development of the brain proceeded, using the 
reptile's BS a gtarting-point. In the first place, one recognize« that from the 
brain of the reptile to that of the marsupial is a much shorter step than that 
from the brain of the marsupial to the brain of man. 

But only in mammals does the mantle with the cortical portions become 
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a powerful structure whicli Icavce Uic strintuai far behiml Id size, and grow» 
out over the poeteriorW located iiiterbrain anil oiidbrain, even extending 
l>oyond the cerebelhim in man. Verj- hifrhly developed brains show, bvfidM 
IhiK ])tiAerior fp-oicth, aUo a bending of the posterior half of the Tnnntle 
veutrally {V\g. 13fi). 

The ino8l anterior part of the hemisphere»— the frontal lob»— mak« 
their appeurance oniy in the highest maiomal, viz.: man. 

From the great cnrtical extension of the mamiitalian mantle comes a 
great maM of liliers; others poM intu it. The^e fiWn^. culU-ctivelv desig- 
nated the Corona radiala, pa«» from the cortex posteriorly, to end in th« 
thAlamii«, rerehelliini, medulla, and fpinal oord. Other large bundle» tra- 
■«.■erw the hemispheres, conneeling one territory of the mantle with another. 
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Fig. 123. — The 1>ntiu at n maraupUl «TAylicinnaj, mitbin wbich Uic bnia of 
A Tvptllc! i* ao inwribed thai xbe I'Mllrrin coindite (comjiBTC Fig. Il4|. (Alter 
Itowor.) 



All of these taken together form under the eortex a greut mam of white, 
medullated stibi^tnnet-. whoM* extension ie relatively gn-atofit in man; in 
lowt-r niiimmaU it I» only emoU.. in tuauy— Ibc uioiuc, for example — it ta 
quit« uuiiuportant. 

IVliile the Corona radiata paiw« baclcwnrd. it eounee lietween the two 
nnclej of the siriattini and nseociates itself with the flbt!« arieing from them. 
The whole fiber*complex is de«gnalptl a« the Captula inttma. How the 
ai|ieiile i» eomiMwed of fibew fmni the cortex and the ^triatiiiu may lie seen 
in Fig. ItyS, which iihows u mammalian brain viih that of n fi^h iri«crilied. 

But nil of th(«c outgoing und incoming filiera lie in the brain-niantlc 
doeely awociated into a bundle whieh fprvml« out aaU-riorly. If the cortical 
apparutua ie äieproportionately larger, if it is more strongly developed in ita 
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indi\'idual featureB, then it must spread out over this smaller radiate bundle 
of fibers into folds. Such brain-folds, or Gyri, are lacking in only a few 
mammals (lisseneephalic mammals); in all others they are present in 
greater or less abundance (gyrencephalic mammals). The arrangement of 
the folds, convolutions, or gyri, which is coüstant within certain hmits for 
fiingle animals, depends, indeed, upon two factors: (1) upon the extension 
of the brain-cortex which the species in particular has acquired in the course 
of development, and (2) upon the relative size of the cranial cavity, which 
naturally must not proceed in equal steps with the cortical development, 
since it is dependent upon other factors. 

One can, therefore, recognize no progressive development of brain- 
fiseuring within the animal series or even within a single family. For ex- 
ample, in the Monotremata the Omithorhynchus has a perfectly smooth 
brain, while the Echidna has a richly convoluted one. Even among the 
Primates the ape, Hapale, has a brain which is almost completely free from 
convolutions. 

Xot only on the richness of convolutions, but also on the course of the 
convolutions, the two mentioned factors have an influence. When the brain- 
surface of man is better known to you it will be-advisablo to east a glance at 
the various directions of the sulci in the animal series. 

It is the object here to show how, from modest beginnings, is developed 
that great organ — the Mantle — which, as bearer of the highest psychic ac- 
tivity, predominates over the lower brain-centers. 

The subject having now been developed to that point, the comparative 
anatomical treatment of the subject should be brought to a close. 

If the foregoing presentation has been attentively followed, two points 
will not have escaped the reader, namely: (1) tliai in different cla)<ses the 
different braiti-se(jiiien1s ma;/ he deiehped in rarifiixj degree; (2) that there 
are really hu-hj organized hrains in ivhich no single part ha.f reached a high 
development. Furthermore, the brain and spinal cord of the urodelate am- 
phibians is, in the main, very little diiTerent from that of larval or embryonic 
stages of higher animals. The medulla and spinal cord, espeeiallj", cor- 
respond to tiiose of the human embryo of about the second and third month. 
In fact, the observation of failed amphibians- — the nnura takes a somewhat 
higher rank — teaches us that they lead a soulless dream-life and that they 
are capable of psychic activities hardly recognizable to us now. 

In comparative psychological questions we still stand quite in the l)e- 
ginning of our knowledge. That anatomical investigation ean here usefully 
co-operate — indeed, that to if it is granted to srain a certain insight just 
where pure psychological observation is not yet suiTicienf — has possibly been 
shown in these chapters in which the genesis of the hr;iin has been followed. 



PART III. 



THE SPECIAL ANATOMY OF THE MAMMALIAN 
BRAIN, WITH ESPECIAL CONSIDERA- 
TION OF THE HUMAN BRAIN. 
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CHAPTER XIII. 
The Fobm-eelations of the Human Brain. 

Acquainted with the fundamentals which characterize the central 
nervous system of vertebrates, we will now give our attention especiallj' to 
the mammalian brain. Seeing, as you have, how it has been slowly evolved 
through a long series of transitional forms, it will certainly be gratifying to 
investigate the entire structure, somewhat more thoroughly, in an example 
of the highly specialized brains. The preceding description has directed 
your attention principally to the morphology, and to some extent the psycho- 
physiology, of the central nervous system. At present, however, we must 
attempt to make good the demands which medicine, far advanced as it 
already is in the diagnosis of nervous diseases, must necessarily make of the 
physician. 

The old physicians have studied and described the human brain almost 
exclusively; thus we have the best knowledge of its form-relations. The 
numerous investigations on brains of those who have suffered intra vilam 
from nervous affections, investigations which we again owe almost entirely 
to physicians, have increased our knowledge to such an extent that it is now 
possible, in a measure, to survey and describe the human central nervous 
system more accurately — at least in its most important relations. 

Although these chapters are not intended for beginners, but for stu- 
dents who are already acquainted in general with the grosser anatomy of the 
human brain, it will not be entirely t^uperfluous to review these relations. 
These outlines of the map, on which later all the points of importance are to 
be designated, are once more accurately establii-liod by recapitulating what 
has previously been learned. Guided by cmbrj"o]ogy, you certainly will 
easily understand the morphological relations prosente<l by the adnlt organ. 

A fresh brain is laid on its base. You will notice at once the great 
fisBure which separates the hemispheres; and the fissure of Sylvius, which 
arose with the development of the temporal lobe. Since the forel)rain has 
grown over most of the other parts of the brain (see Fig. 1!>), these latter 
could be made visible posteriorly by raising up the hemispheres and un- 
covering them. It can also be accomplished by separating and partially re- 
moving the hemispheres. The second method is more advantageous, because 
a better view of the lateral ventricles and the corpus striatum is thus ob- 
tained. Let us, therefore, proceed in that manner. 

(183) 
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The knife held borizontallv' passes simuitaneouslv tlirougb both hemi- 
spheres, and remores twctioiui two to three millimeters in tliiclmeas. The 
first and second of these sections contain Tcrj' much graj corteJt and rela- 
tirelj little of the inclowd white matter; but even in the third section a 
Urge, white, mediillsry fiehl Ik nncoTered in the middle of each heraJuphere. 
This is the centrum stmiorale. 

In it nm all the tract« which pnus down from the cortex and a portion 
of the fihera which unite the various regiona of the brain with one another. 
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Tig. 1S4.— Forcbntia from above. TIw h«»l»plvcrim bave Wn rrnuxvtxl down 
to Ui« Icvnl ol til« M»]MW caUoiam (Od). Th« whlU qiace betuccn C'cJ and 
tka mftex U ih« i-cntruin Knilovalc. Lt, LJguoeutuiu tcvtum or auü lon^U 
LsDcU: a part o( tb« eorlpx wbii'li burilnii oti Uil- cut])Ui tMUIomiin. Sim, 6uia 
(MVitnliiMlc« mi^dialett long, irliit« bundle« of Btwra which fntcrlsco m tha 
Buddie ol tite cor|iui aUlwuin. <Aflcr lliwle.) 



On examining Fig. i'2 wc should expect th«t on farther section onlj a thin 
epitheiial hiyrr woold he fuund lyin»; over tbe ventricle« in the mcdiun hni*, 
between tbe bcmi&iihcru. llua t« not tbo cftse, howerer. During a later 
embryonic penod denee ma8»M of ßbcT« hare fcrown tr«TUT«T«elf over the 
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over eAcli intcml rcntriclf, H ie cut off anteriorly aii<l )>oeteriorly. It is tlien 
teen that it is uaiti.-«) by its ander euriac« to tlun, white b)iii<lkä of tben, 
wliifh, «n-liiiii: orvr the varity of th« Tentriclc. desv^Dil anteriorly aud po»- 
tehutly inio the dejilh ot the snnie. They beluD^ to tlie furnix. 

The funiix is n i-nniliiniitidti nf htinilirs of tibcn» wliicti pass ooii- 
ÜnuallT alung tlie vdgu nf ih» hi'mi^jtheri-«. They ari»>. on (avh xjilu. fruiu 
the uit-sial border of ihp infrrior horn ns the rruni famlrix iV'ig. 125, [>o«- 
ttfrior); thi^n t-onvcrfti* over the posterior portion nf the (halniniw and unite 
with one anotht^r abow tht> ventricle to form a broad tract: the corpus 
fernit-tM. In the ant''"-" whore Ihvy meet a number of tibcm paitä across ihem 
trairsterwly, thun formiu).' a irian^'li'. This iriangle is known as the lym 
Datitlin, or psalierivm. ll lim «niler the (MiBlcrior end of tlie ctirpuB tal- 
loauni anil, for tlie UMMt {«n. b united ritli thiH. At tliiit point, conit«- 
quently, the rorpus mllixsiini lies cloxr to the vt\^ of the hcmifiphere. It 
uci-aaioually hapiienn, honeier, that the fornix is situated at »ome distance 
from it; n ttawW (avity, the vrntrirulmt I'erf;«, is then olieert'ed bctwei-n the 
fornix An<1 t-iiri>ii9 ealltjeiim. In iho anterior jwrt of the brain the c<jrpii8 
coltueiim recedes eouetantty from the «Ige of the hemiepherof, and o portion 
of the inner ea^'tttal wall of the hemisphere remains helwecn it and the 
Tvatrlcle. TIum |>ortion of the median wall, siliialetl below (posterior, in the 
horizontal «-etiKn) the eurjius eHllu«nm. i* the srplum prilucuinm. Tlial part 
of Die grwot future found hetween the two sepli i« called the vmlriailuB 
tepli peUucifli. [mai^nc the corpus i-nll<ii<uni removed in Kir. 125; the con- 
tinual iim of the wall of the heoiiejilierc iutu tlie septum mid the »isnifioanoo 
of the TCDiriele are then evident At once. Thi« i« not a tnio vcnthele, but, 
as already elalwi, only n jwirtion nf the fidSHrc botweon the hemispheres 
covered Over by the corpus eallognm. 

The fornix naiuraMr bonier« thi» p«>rtinn of the vaU of the hemisphere 
alMi. It a^tn diiiden at the anterior end of the ourpua cAllusiim into two 
bnndlei>, the niluMiut fomiri», which dtwr-end in fnmi of the Ihaiaiuu^ as a 
puaicrior thicki-nin); of i-arb membrane of tbi- tseptum pellucidum, and ter- 
oiinnte pnn-ifiionslly at the base of the brain nt the boundarV'linc between 
the forrbrain and inierbrnin. 

The corpus fomieis lias been removed, along with the corpus callo»um, 
in Fi);. VHi nitd only llu> anterior nnd pnslorior portions remain vinhlc. 
In the right, where the »ectiuu pa»ei* «imewhat deeper through the white 
culMtance, the fornix i» divided in that part known a» the fimbria. It there 
lie« oenr lu its point of origin, the cumu Animuni». On the left I have 
diTidvd it jtut where it nrehe« over the «irface nf tlie thalamtu. 

Uoile the point« /' and /'' by a gentle curve powiDg over the IhaUunuii, 
and the course of the fornix i« repr'>dticcd. U will nlw» be cItiiT to ynii from 
Ih« accompanying me^Iian, longitudinal Mi-tion through an embryonic braio. 
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Ton observe Üien thnt, BririJng frnm Üie apcx of llic tcinpi>TaI tobe, it arches 
oyer the interhniin in a curve aii<1 deitceixle in front of this to the boundary 
b4!tv(.'\^n the for(>hrftin am) interhrain. 

After tlie fornix, and the plerm eiutrioidtuf attached to it, i« djrided 
■ and eitl away, n view ol the opened ventricles is «blaiu«! (Fig. 125). The 
uiijiaireil ventricle lyin^' in the median line io the cavity of the primary fore- 
bniiD. now calle<l the rrnlriculvs UHtus. At it« anterior eud the fomix 
ascend» from below. Then, on euch lude of Üiv fornix there is found a com* 
numirntion of the rentrictiUi«! tnrdiii» wilh the ventricuU luternlM: the 
foramen Monroi. The part of thifi ventricle which lies in the frontal loix; 
is callcl the anterior horn, the part in the occipital lobe the posterior horn, 
■ml that in the tempoTal lobe the inferior horn. A finger could «uily be 
introduced into each of the hornj. Tlie basal regions of both hejui- 
sphere« are connected with one another by means of the mtntnistura 
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ng. I0ft.~lnnor ttAjwet of Ihe eiiilkryoDic hemiepben) ibow-n in Pig. 23. 
Sliow« Uie inner l<>wrr bor4rr nf th« ltcinMpb«r«, whicb beeoinra thicktried into 
Uie whtl« lucdullurv line nt (tie fomiv. Tlie tatler, bmvvfpr. only boeoniM 
mc-ilulliili^l nflrr birlli. ZirivfAniAini, Inti-rliniin. VuriStrhim, forebrain. 
BteUt, «tc.j Paint nhrrn thi; furrbmin anil intcrbniin meeU 



aTttrrior. The bnndlo^ of while, Riednllnicil fiben« composing it are seen 
passing acro6« in front of the pillnn; of the fornix. 

The nucintis cattdatus riees from the Ilnor of the lateral yentricle. Far- 
tber posteriorly part« become viwble which nu longer belong to the hemi- 
sphere»: the iuterbrain {thalamus opticus) and Die midbrain [corpora quadri- 
gemina). Behind thcvc i^M-en the roof »f the hindlrrain (the r«reM/u»i). 

The cavity iH-twecn both thulomi, the vuutriculu« medium, was at one 
time tJic cavity of Ihointertniin-vcsiele. It ia closed inabore by thcplicatc«3 
plexiu chorioiden^, at the posterior end of which Vit^ the conical projection, 
the forpus pineafe, novr become solid. The floor of the interhrain, which t« 
naturally formed in front by (he embryonic temiioBl lamina, oonBists of gray 
matter iIcHcendiog like a fimnel toward the base of the brain. This pro- 
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tnbenncc is CBlled th« Ivbrr cintreum, its cnvity the infundihultim. In Fig. 
12'> it is not viiti)))«', dut idht he »(H>n in t\w m«^aii uectioQ shovn Id Fig. 
133 and in front of th^ chingma {lam. t.) in Fig. 13j. 

The fl«8iire betu'«i^D the (ludaJtaus and the nuclvus caiidatiu i» truvened 
hy a long vein, bem-ath which U oonataDily (uimd a rilfmltT tract of white 
fibers: the stria tcrmiruiii», or lania Mmtcircuhris. Isolatvd dcprveäions 
mav h« more or le« distinctly recognized on the surfaoc of the thalamus. 
They ff-pnoitc from one another the elevations which correspond to tho 
thalmcio ganglia. 

The Ivhtmilvm anteriu», the arched eurfaco of the naclcus anterior 
thalaini, is alvrays demonstrable. Tlie line of division between a mesial and a 
lateral thalamic nucleus is also prouuuncod at times, llie i-ntire tbatamua ia 
covered within by the cvutral gray matter, which is connected for a short 
distance with the j^ray iiialtt-r of the oppi»»ite side to form the commissuni 
vwllis. .^t the extreme anterior end the pillar» of the fornix dip into this 
gray matter. Xear the place where this occurs n »nnll bundle of fibers ia 
aoen on each side to ascend from below, reach the «iirfac« of the thalamus^ 
and paas backward cloae to its medial edge. It then passes, nnteriorlv to the 
midbrain, for the most part into an elongated body, the j/aagtion hahmvla, 
on the dorsal edge of the thalamus. The bundle is called the tania ihalami, 
anil forma an atlercnt pathway, paeeing ftum the olfactory apparatus at the 
base of the brain to the tnterbraiu. 

A part of the taenia, receiving other fiber? on it9 way. passes farther 
backward posterior to the ganglion habeniiln>, nnd then miiÄ tn the other 
side directly in front of the pine«! body. The portion WtwMn the ganglion 
and the pineal \nv\y is called the peduaeultu conarii, beeanse the body 
appears to re»t on it. 

Ilie deciiseation of the bundles lying just in front of the epiphysis is 
dveignalixl oa the rvmirtwura kiib^nuhnim. Tlii« decnaeation We» directly 
dorsal and anterior to the commiseura posterior, from which in nio^t caeea it 
is not 8cparaU>d at nil (see Fig. 144 also). 

The gray mass of the thnlatiiuR is overlaid hy white fibera, the stralam 
xonaU, which, in part, pa«* into the optie nerve. .\t> enlargement of the 
postrrior portion of the thalamus, the puhtnar, forms tlie chief point of 
origin of the«p nerves. The largest part of the optie nerre difiappears in this 
gaiiglxm und in a protulM-rnnte which tiee on its under eide: thv rorpiu 
gtniculatum latcraU. 

The tracts of nerve» from the hemispheres, which were eituatwd deep 
down betwwn lhi*m oiid the mtorbniin, eniorg«' in great \>»H from Uie cere- 
bral mats pnnivriorly to the interhniin, and then lie (>xpn«ed as two thick 
strand« on the under surface of the midbmin. Taken together, they are 
«ailed the crura of the hrnin, or thn prdunculi rrrtbri. 



TUB rORX-nRLATIOS'S OP THB KtniAH BIUHf. 

Tbe roof of th« midbraiii commences liehmd the pineal body. Tbe 
oommtBnm pofiterior, the crura of which pass backward through the mid- 
brain, is regarded as tbe ino«t anterior portion of its roof. The corpora 
quadri^mina, appearing juet behind this commiaeura, will be considered 
more closely later. 

Only the meeial portion of the corpus etriatiun, the nucleits caudatus, 
ta Tieible If tlie brain ie opened^ aa has just been done, from above down- 
ward. The lateral {lortion, the nucleus leutiformis, lie« deeper aod ü 
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Fig. 127. — Frout«! »ocUan tlirougL Ihe brain of Ui« adult. KxpUiuUou in Ui« text. 



coTernl by the medullary maases passing orer it into the Capsula interna. 
Tt could he pxposod by opening downward oulsido of the nucleus caudatua. 
A bettpr idea of its fnrm is obtiiintMl, hnwevcr, by making a frontnl section 
transTersely through the entire brain at tbe point in Fig. 135 where the 
thalamus begins, just behind the thickest port (caput) of the nucleus caii- 
datus: that is to say. just posteriorly to the ascending pillars of the fornix. 
It is not very difficult to ucderstand the spetion (Fig. 127) made in this 
manner, if the relations shon-n in Fig. 3'2 are home in mind. The wall of 
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the brain is decidedly thicker than during the foeta] periinl, hut the cor|>us 
Btriiitoin still projwts from the l1oor into the c-avitj of the ventricle, u in 
lliBt suulion. The «ut«p fisputt' ia now oblilenitefl, »inee 1.ho foronnl fibe« 
from the cortex h«re inrrens«! in late cmhrj'onie life. At the bottom of the 
gRut fiwinre the ventricle is i*een to be covered by the dense truLsvcr»e fibers 
of the corpus cslloeum. To these there a«:end from below the two pillars of 
the fornix, leaving the ventriciiliis eepti pellucidi free between the thin mem- 
brancs of Uie septum pcJhiciilutn. Ttic^ project freely into a cavity: the lat* 
eral Tenthclc. This cavity is bounded without by the corpua «triitum. Joft 
here it may bo Iwuiutifully seen how the cnrpu« atrintutn is pen«tmt(<(I, and 
ap)uin>ntly divided into two ganglia, bj the thick' masses of ulnrs forming 
the internjil capsule. In the lentiewlar nucleii»» — that i* to «ly, in the outer 
part of the corpiw dtriaturei — ^thre* divisione are easily di^tinpiished. Only 
ihc outer one of the thre* partft, the pntatufti (shaded heavily in Fig, 127), 
ie regarded in coninioa with the nueltua eaudatus as a source of fihcn). The 
significance of the two inner parts, ghf'Uf paUiiitii, is not clear as yet. Some- 
times the globiift palhdus conatüLi of Ihnw or more divisions. Kxlemally to 
thr Ictitieitliir niii-loiia there lie» a thin, gray niniN in the wall nf the hemi- 
sphere known »K the tlauslrum. The üiwce li(>lKe«'n it and the lenticular 
nuclcuK iti railed the oifKsula r-xtrma. Still farther out lies the corti^ of tho 
island nf Neil. The gray mas» in the floor of the middle Tencriclc belong» 
to the wall of the infundihulum, the liihrr cinereHm. With its conti nuations, 
it i& epoken of aa the ifntrci i/rufi mailer of the ventricle. At the point where 
Ihia central gray matter and the cortex of the temporal lobe are continuous 
with one another there Itea a large, roundinh nuclenii: the nurhiu amy^dahr. 
It probably stands in Mime relation to the ti'nninal apparatus of the olfadury 
nerve. From the neighborhood of the niiclen.*' amygdaLi', proliably from the 
nucleus it»i*lf, there uriüps a portion nf iliiwp bundUw of filn^rs which pas aa 
tlie atria cornea between the thalamu» and the nacleus caudatus. 

\\f kann frnu Pompamtivn uuitmntral iavnttgnltnn« that llir xjiu» bi!(w(«n 
the m(uni]il>u1iiin and tbc nnrk-u» aniyjgrbil«:, ■ho<*n in hoTievnlHl ovctioD in Ik« 
lllitilnitinn ■ml incliKlpd niUi Hip centnl fitny niflir«r, is n nirtkal rr^^km wbiclt U 
vary atnHt utroplik'il in iiiaa. It U deiiipMlcd a* ik« olftiffory flH4. 



Between the pillara of the fornix the anltnor wmmittun is awn f Fig. 
ISO). Its fiber« ourre backward a« they [wäi through the eorpu« striatum. 
Thiia il happens that we again meet wiih them in tranKveniP wotion, juat 
below th« outer part of the lenticular nucleu» (Fig. 1*^7, belon* and to the 
left). 

1 cannot urge yoti too «trongly to look up in the fresh brain nil ihp 
etructiiru-s ju^t mentioned and to become nn^unintcd with their relations by 
making preparation« uf your own. Deecriptiona and illuatrationa will proli- 
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ably pT« you a good kU-a at thoni, but \\\oy caa never supply what U to be 
gaiueij liy tliv «tuily of llie bruin it«vlf. 

"Wk will uow eon!ii(ii.T the ixmvulutioiu and fimuns at Lbo surface of 
the cercbriiiii. 

ll is nut M) very Iniig »go timt HniitoTiii)<ls iiiunift-sted little iiitt'ri>!<t, ami 
physicians nnnu'at till, in the i^tiiily of tbe coiifnrmalimi nf the eerubral 
surface. Xiiilhtir is it so very Innj^: t^itici* <inli-r wfls brought out of tlic avt-m- 
inj: cbaoe of the convolutions, and clear an«! avciinite illustrations look [be 
place «if those old plalee coni-iTuing wbii-h an aulbtir pei'tinontly remarked 
thai tliev resenibk'il a di»h of iimcanjiii iuuri> thaii tlie bniiu. IiiterL>£l was 
first iirtively Kliniuliili-d in regnnl to the liiniiuii braiu only aller pliysiologj', 
foUowctl shtjrlly Uy patholojry, had sliuwn how dilTerenily irritaiiou*, extir- 
patioiiü, lind discHM-s appear accontin^ as tlicy inTolvv tiüs or that eonvolu- 
tion of the hcmisphüre. 

Jt will be impossible to become as thoroufrhly atqiiaintcd trith the conn« 
of the convohitioiis as is desired, merely fpom dMcription« and diagrams. 




Fig. läS. — tlrnin of a hiinuin fnrtiu of Uic thbtconlb wrelc. 



Take a brnin, therefore, and, followiiift my <b'«!ripiioii, trace out (or your- 
mItc« suleiis after gnlcns und pynw after Rym?. 

The hemisphere*, priniarily lens-tihaped, prow out anteriorly and pos- 
teriorly. In the middle only, at a point corresponding to the corpus striatum 
within, the wall fails to follow thtA expansinn as rapidly, and Ünin j^diiuHy 
becomes nion- deeply siiiialed. The flat depression, wbieb in Ihis mantter 
arises on Ihc $tem of the hemiephcrc, i» called the fossa St/ivU. and that part 
whieh lii-ft in th(- di'pnw.?iion, tbe lobt of the stem, or the iiumla Reilii. The 
island in, therefore, that ptirt of the rortex U'hirh ndjoin» the ;;nnfclia of tlic 
ccrebruiit from wilhniil. At fir*! it is entm-Iy uncoveri.Ml, but later ie more 
sad more concealed by the expanding hemisphere overlapping il. 

This depression is easily found on the adult brain, likewise it« posterior 
continuation, the largest of the brain-fisaurep: the üs^iira Sylvii, If the 
fissure is drawn apart, Tbe island of Iteil i» dieieorcre<1 at the Imttom tra- 
reTsed by several perpendicular nnd oblitpie sulci. Even in tbe fifth month 
of pregnancy t«'o divit^ions of the Sylrian fU^ure. an anterior and posterior, 
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are dütinotly to be seen. All the rest of tlie brnin is still smooth (compare 
Fig. 23). 

From this ij«Tetopmental period on, Säsures (fulet) are formed on the 
mrfice of the hctnigphpro by local eloratione {j;yri) of the cort«i. These 
Bnlei ioä gyri incrpaee more and more in the later months of fetal life, until, 
ai the- lime uf birth, almost all the fisstirea and Donvülutions which the adult 
brain will posaesa arc olearlj ileßncd. 

l^ie following drawing!). jinrcW dia^nmimatic, mar reire bb guides in 
tlic study uf the surface uf the hcmifiphcnw. Only the more important 
And constant fiutsurciA and convolations are therein indicated. A simple 
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Fiff. leO.— Tlio Mt hrmiKi>li«re with the Hwuni Syh-ii linun %\m\. In order 
to abow tbt tlHuU </n). S<, Sultg» ccntnlta. ^rn. sKp, Cjrmt «ntralis ftntarior 
and poMerior. fop. FlMurn (Mrlclu-oe«l|4lalU. (After Uenle.) 



diagrani is more easily reoiembered than reprcaeotatioDa of the surface of the 
brain, which reproduce the smaller ^ryri and shallower sulci, all of whicli 
arc inconstant, alongside of tho?c which are more pronounced and constant 
Kirel locate the fisnure of Sylvius, ft separates the greatest part of the 
temporal lobe from the rest of the brain, A long posterior limb and one or 
two short anterior branches, which are directed upward, are dintinguished 
on it. The max» of the brain which lieii at the point where these join one 
anitlher corcrs the inland uf Iteil and is called the operculum. If those parts 
of the brain which surround the future of Sylvius are separated from one 
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anotlier, w bM been done in Ihc propnrntion shown in Fig. 139, thi> iiland 
. lieä in full view. Tliu ii^laud is iIioq 8f«n to be diviileil into two ämall loliiilos 
b; mean« uf n ilL-i-p (l^iii-e, Itu- su/^'us centralia iaauhr, wtiicii passfs obliquely 
upwartl and liackwanJ from bcluw and in f runt. Sereral, atuiMt pcrpcndicu- 
lur, sulci rliviiic- tlu* niit<Ti(tr l>r'>u(K'r lubule into three or four ^y" brevea 
üunla. The posterior loliuU- ia really nothing but a Bingio, longer gyriu: 
th«! fryrus longiu. It borders directly on the temporal lohr. An imjiortanl 
.fiisure. the aulms cenfraHs or ecrtrnl fii^sure, begins in tlin opprouiin», nnd 
a8Cenil& from thi>r<! tu ih<^ uü'diän eilgu at l)ie hoinit^phere, which it fTiM{iivn(ly 
incises. At th« hotloui of this fissure n i^iiiall annectnnt gj'TO» not infiv* 
qucnttjr divides it info h dUpL-rior and infmor portion. Recent surKical 
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operations, aa well a« the knowledge gained from phyaiolajpcat Studien, have 
nmdi:- it (te»irahlti to dividi: the fis)>iire in parts. The two grnuii, the auperior 
S'liu and the inferior genu of the ctnlral tulai«, rcspoctirely indicttcd in 
the diagram by an ttcterwk, serve bm «iich poinlR of division. Locate the 
in Fig. 130. This cpntrnl tnlcxi» eeparnte« the loitia frmfaU» from 
^Qtc lohu parirtali». .All thai Hi« below the Sylvian ßseurv is caIIpiI the 
kinta irmparali». In fnnit of the sulcus cvntraJis lies ihe anttrior rt-ntraJ 
ftgrus,' beliind It the potltrinr rrnlral g^rut* The region in front of the 
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ontprinr ccntrnl convolution, the frantnl Inbo, » dtridiHl by two fissarps, tlio 
BU[>pn(>r nii(J inferior frontal sulci, into three gj'ri: ilie stiptrior, middU, nnd 
infrrior frontal gyri. These coBVolutionB are not always »harply separated 
from oue aaotber alosg the entire extent of the fcontnl lobe, inasmuch M 
the fissnr« are fni|Ufnily imernipted after a short courst- by aiiuet-tant gyri. 
Thi-sc three divicious of the froulal lohi;, lyinj; nbove oul- aiiother, arc readily 
found on oU brauu. It will probably be obcervcd «bo that they arc con- 
nected with the onterior central convolution by means of several annectant 
;ryri. From the ci-ntml cmivohnion, tliey are «eparalinl by a tiwiiirp, th« 
»ulev» practntratit, of variable lenglli and depth. Besides an inferior, more 
constant, part, thi^ sulcus liaa a shorter »uporior part, which is demonstrable 
at times. According lu the investigations of ScknrtpfhoQen, the relation 
here shown dia^romaiatically in Fig. 130 i» mid to be the moftt common one. 

On the broad nlddl« «mvoluUon of the frontnl lotie ther« hse Int^ljr Ixwn dto- 
tiiigvlah«d a naaial, from n Intcral. divbtoD. The infrrivr frontal cravolutioa U in- 
dMd bj tti« two RhorL iuiu<ri<n- branrliAM of tlxo Bmui« ot SjrlTltu. Thej join Üi« 
naln horiienUt limb in the (oriii «f a V. This V-sbaiwd region b th« porlinn ot 
the gymrn Atmipiatcd «h the irnni aptrrutarU. ContHenMr varlnlionn f>c«ur iit this 
point, nhivli ilvpt^tl on llin drgrra ol intvllertiuil di^vrlnpnirnl. ttt Uie Indirldual. 
That pvrtlon is mi>«^mII3' eubjcct to vnriMtüin* niiick lie« bctwn-ii the poetcrio«' •rm 
of th» V and tho anlvrior ceutnil ^nui: the fir« of the Infrrtur fmnlal iwnnil»llo». 
It ia « aimplB convolution, nhicb afton >ho»> in dental ions, «xtcnaioiu, etc. On the 
brain <if flambcllii, h famous iinitnr. il nmnulnl of k driublu ronvotution on ÜM left 
aide. 

Tbo brain of lbs nnthn^id npo« ]a «niymingly •iauUr, «■ ngmrda coiivt>lu- 
ti<MU, to thai at num. Thnt which ««prriallr diatiii|[Uitlini it from UinC of maa, how- 
c\'«r, Is the devetopmeat of th« frontal eonrolntiona. The superior and mtdille fjri 
an aliro;» very miirti shorter, and only nidinienta of llic inferior ^rus arc dMUon- 
atrable. [I is highly prohahle that. Iliia ii> thr nun t^iinienl «uprwuiiin nf inferiiv in- 
telli|[«nc«, puTticiiUrly of Ihn utterly undeveloped fnculty of articuliite speech. Aa 
ne probably oue the perfeelloii uf uur intelligence <o our faculty of speech — not as 
individuala, Itut a* a r«of> — th» reaaon for the inferior drvelopmont of tW entir« 
frontal UiIm- In apca nay, pcthnpe, be founil in the inip^rfeet derelopntenl of Uia 
toferior fronlnl gyrus. 

The temporal IoIm- is travor^ed by several «wlct. which run parallel with 
tho fissuni Sylvii. and. wore or les* dislinclly separate fnuii one another, a 
superior, middle, and infrrior temporal fyrvs. In most cases only the first 
two nf these ^-ri are plainly distinpnishable throughout their entire extent 

Now nbot-rve the region behind the central fissure and above the tem- 
poral lobe; it ie called tho parietal lobe. It is divided into a su/ierior and 
an inferior pariital khulf by the »uJeuM inftrparietalis. which arches around 
the end of the ßseiire of -Sylnus and the first temporal snlcus. Throughont 
most nf ita extent, the giijwrior lobule is not separated from the posterior 
central gyrus, unlesa, as often happens, a brancli of the sulcus interpurietalis 
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asoendß toward tlie edge of the hemisphere and th^IS oonsiderably Enterrupts 
the continuity. 

riii* bnuiGh, the fttturrt retrocrntralU luptrior, often occur* Independcat of 
tho inU-Tpuri*!«! Gmiire. Tli« int«qiariet*I flwiiTv allow« the meognition of thrc« 
diriirinn«, whiHi arc ocmiiionnll}' i>q»rnto from one anoilirr. The Autciior division it 
nl]ed Che pS97iTa rctroernlraUa Inferior, the poaUrlor the »uleu» aeelpUalit anlt- 
ttrUrr or perpcndicvloTi«. 

The portion of (he inferior parietal lohule which Bunounds the end of 
the fiasure of Sylvius is called the gifus marfiinalis. The port that liee ju« 
back of this and archeg around tlie superior tcmporaJ sulcus is the jryru« 
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Fig. 131.— I.Al*r»l iupfcL of brain. 
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an^pu/art«. The former gyrus \a at once observed on every brain; the latter 
must be senrched for with tsome diligence. It ib found in the space bounded 
aboTe by the interparietnl ftssiire ami belov by tlie superior temporal sulcus; 
that is to say. its end. It« posterior part, indeed, just eurronnds the end of 
thia Bulcns, The region of the syriis angulariH is an important one, and it 
ift therefore advantageous to t>e able to locate and bound it veil. The small, 
g3Tus directly posterior to it is the gtfrus parietalis po$terü>r. 

The oeetpilal lohe Is not so uniformly fissured in all brains that the 
coDTolntJnna described by wnlers as mperiar, middle, and inftrwr may bo 
CRgily identitied vithout ulalioratton. Tt is commonly separated from the 
parietal lobe by the anttrior occipital «o/rm, which passes vertically down- 
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ward biOiini] tli« lobulas parietatia iiiferior. One or two small BUlci, placed 
somewhat horuootally, eeparal« the amall gyri from one another. 

Whi-D sll of theet- fi«»urea and coDTolutioiKt hare b«en found, cut the 
brsiu in tw» slang thu liue at tlie j^rvtt lonjriludinHl fiitaun<, und study ttie 
metiisi side of the hemisphen*. 

Th« iiioM important (»Hnit of ihe mpsinl «-all of the hemUpherc are 
already familiar to you from the study of their emhijoloyy ia the second 
eliaplvr. It »as Ihere learned thnt the edge of the hemisphere, thickened 
to form the fornix, follows to nirved line the hemisphere, which grows out 
poetehorly and inferiorly: that anteriorly, where the corpuf calloeum passes 
acroaa from ono bfwiüpht^re to Lht> other, the portion of tlie inner wall whieh 
lies between the foniis and the corptis callitsiim remains as the fiepluin 
pellucidum. 

From it« embrynlngj-, the section prerioit«ly made throngh the brain of 
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P\g. I32.--Ii)ii«r ui>rt'l of rlic irjiibrvoitli- htiiiUplirrv sliou» in Fig. 23. It 
ahowa thtr luner. Inferior oAgv of the liroiltpher«, «hieli lii>i.i)iiii>8 thirki>n<vl tx) 
fona the vhjte, nedullatcd linv of tbr larnix. Thi«, hovvrrt, bcconK« mnliillulini 
iin«r bitlli onlj. KirUrkrnhii-m. Inlvrbnia- Yvrdrrhim, lorebrain. i^ltllr, etc.. 
riftc« wbiTP (urc^Taiii ami iiitrrbntin nttU 



the adult ia easily nnderatood. In the pre|iaration from which the accom- 
panying ilhuitnition woo madv (Ki^. 133), as well as on the embryonic brain 
now again dcmunatrated <Kig. 133). all the parts that lie beliiud the middle 
of the thalamue have been cut away, bccauac the]' conci>al the under surface 
of the lemprtrnl lobe and prevent iis from follou-inc the fornix. 

The intcrbraia — that u, it« Intern! wall, the thnlamu« opticus — ta thn«- 
fore now oliH^rved in the center on the longitudinal section. The margin of 
the hemiFpheru. thickened to fona a white, inedullur)' hand, the fornix, 
paases in a curved line along the Itoundary Itetween the interbrain and the 
cerebrum. It firat appean near the base of the lirain in llie gray matter 
behind the lamina tvniiinalii<: aM>endif dorsally aa the columna forniets; 
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tJien accompanW the mnrjfin of the hcmi^^phprc still fnrthcr; curve« viUi 
it into the lempoml Iiilit'. (ind ends only ni ils B]tQX. 

The tiori^unlal niasi« uf traneverselj'-fliviiJed fibere above the fornix 
belongs to the corpit» callogum. On this there it distinguished anteriorly 
the gfnti, posteriorly the splfninm. and between the two the bodif. Retween 
111« eorpiw mllosiuii amd the türnis lii-s thi- trjangillar field of tlie ?nptum. 
Moreover, just in front of and below the fornix the commiesura anterior ie 
seen in tmnnvor-'c *ection: it lies in the middle of the Inminn tcrniinnliR. 
The lamiiia (orminnli? then eonlinue? ventrelly into the floor of th*-. iitter- 
brain, and is hor« mmewhat infolded by the ehisi^Tna — alio cut tranii verse);. 
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Fig. 13S.^L«n;>itii(llnnl »fflioti throtifjh tln> mtdtUc of iin «dult brain. Tlie 
pD»l<rior poitioD of the Ihalflinun, the trura cercbii, etc.. liaTe been reuoved, la 
onlrr tu «•xpuM* Iho \\a\mr surfnci* of thv trinpontl Inbc 



These stnictaree, in part niem1>rnnouti, have been puri>oä<-ly left intact in 
the preparation in order that the floor of the middle Tenirlcic might be 
seen one« more. The pixtorior wall — thi> infundihulum and its transition 
into the ventral region of the niidhmin. the prnminonee «f the togmenmm — 
has also been left in place. In your ottji pr<'|»anilions, however, remove all of 
thE«e gray partt^ and observe how the fornix terminates behind the region 
designfitrd as inio/*. 

The portion of the wall of the hemisphere which lies above the ooipoa 
Cftlloatim ifi traversed by fere and rather constant fifsures. 

First of all, the mitn* einffuU mns parallel vith the corpus eallosnm. 
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Fotteriorly, if turns upward to the edge uf the hemisphere and there ends 
in a Bmali incision bchiud tho posterior ceutral gyrus. 

Til« »ulcu* cinguli — nhich alto bmn the twnm ol iii'rw« eiilliim-marvinaJU, 
marginal fitturt, flsawa limbic«, and fitttirü »fiktiati» — couiau, properly apeak- 
tAg. ct thr«e p«rU lylnf oil« Miittd tha other. Cjol infTfiquuiU)- Umm »re raallf 

»to «iilei. 



That which lies above and io front of this sulcus cinguli is reguded 
u brlongin^ to th« superior frontal convolution; the conrolntion Ijing be- 
tween it and the corpus callosum is called the ^jijrus fomtfalus. A gknce at 
a 8pecijni*n or the illiutratiou shove that the g^nis fomJcalus widens out 
superiorly in its posterior part auO jusseK direutlr over Ibe edge of the hemi- 
aphvTV into tlie lobuhis piiriftaliü stipenor. Tliiis widened portion t» cnlled 
the prcecuneua. Din-vtly in fmnt of the pra;cuneus liei^ a port of the cortex 
which adjoins both (.-vntrni gy-ri without and connect« tfacec with ooc an* 
other. It if caUciI tbi- ihiracfntral lohult. 

The pnecimeus ii tenititiate«! posteriorly by a deeply-incised flsenr«, — 
the figtvra pariiio^orfipilali», — whioh always extend« for eomc distance over 
upon the outer (turfacu of ihe benüsphere. Tin» parieti>occipita] flasare 
fretjueutly ptas«« vvty far beyoud the inner surface and rune out orer the 
heioiaphLrL- otcruallv as u dwp verlicol Ibwure, tlie fiMura perpenjtcularis 
att. ThiF 16 very frcijiit;nlly the rave ui ihu liraiii)> of idiotic. Id almost 
all simian brains a broad fissure begins in tlie paricto-ucvipital fiMUre (or just 
behind it, üiehn and Kiilrtnthal), which posus rfon-nward over the greater 
part of liie lateral äiirfaee of ihe hemisphere and in a very etriking manner 
saparates the parietal from the temfioral lobe. It is called the simian flvure^ 
or "Affmspalle." 

The ftMura calcarina joins ihe parieto-occipital flBBure at an acute 
angle. This fissure lies exactly in the outer wall uf the posterior horn of the 
lateral vcDtrinlo. Tlit- wall of the brain infolded by it is indicated within the 
posterior bom by an elongated prominence known su th« ralcar avis. The 
triugular conical area, inclosed by the liuura pnricto-occipltalis and the 
flflsnra ealctuina is called Ihe cvnetia. If the vertex of thi.<t triangle is now 
located, several small annectaut g^'ri, fiuperfieiallr or deeply situated, are 
found connecting it with the end of the gyrus fomicatus, which passes hy 
in front of the vertex of the enneiis. Notice this comparatively narrow part 
of the gyru3 foruicutus: the hiluti. It ie seen to continue as a rapidly «ridea- 
iag convolution to the apex of the temporal lobe, where it ends in a hook- 
like proco«»: tho uneur, or gyrus unnmUits. 

This coDvolutinn coniwt^uenlly surrounds the entire margin of the 
hemispbere. In fact, it i^ called the marginal eoorolution; in which case 
only the anterior portion receive« the name of gyrus fornlcatus, while the 
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juane of ff\/ru8 hippofampi is given lo thv part lying posterior and ventral. 
Poßtfriorly, as ie well *i*en in the figure, a small, longi«li convolution of tho 
occipital lobe juins tlio gj-nut hippocampi; it is called the gyrus Hni/uaHs. 

Aa has preriously bt«ii «hown, the fornix furma che edge of the faeini- 
sphcre. The first ponion o( llip mill of tlu- brain »iipceoding thi« i» the 
abovc-meDtiouL'd ijyrus kippücurnpi, ivliich ib, tliereCorL*, iidjncent to the 
fornix. Externally to it lies the curit^- of the ventricle: the inferior horn. 

Tho fentricle a separated at this place from the cranial cavity by A-, 
thin, vascular membrane only,— the continuation of tho plexus chorioideu«, 
— which is attached to the fornix throughout it« entire ext«nt. 

The gyrus hip]>ofanipi h cuvewd by oortical matter, but the cortex 
cciM« on the Bide toward the inferior horn; and, close to the ventricle, the 
vhite mediilUn- substaiie«!, no longer covered by gray matter as on the entire 
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Fie. >^0' Hg, 1Mb. Tig. 134c. Vnterkom. Inferior bum. 

ouler surfiicf i»f the bmin, lie» exposed. This meduUan* euhslance — o long«,' 
white stripe, whirh is directly continiToiift wiili the fornix above — is called 
the fimbria (Fig. 133). 

The marginal eonvoUition in pushed by a fhjiiwt of its vuter awrface— 
the /T«Mira hippwampi — into ihe cavity of the inferior horn. The deration 
thiij prodiu.'ed along the entire Hour of the inferior hom hn^ liome for cent- 
uries the name of fi»riiM Ammonis, or pes hippocampi major. 



Owfnit to the (»H that th« «irtps of th« gjTUii hipiK)ciitD|>i ii oh» infotj«! by 
tbkb flMur« before tlie rortcx entirely c««*«» »ml Imiv«» Iho nimiulliirj' lulMtano« vz- 
pOMd, Umsi« i« |inH>)>Htt>d a |]4>puiiiir, »omei-hat coraplint««! ««ction, it tbe nyrue la 
vuL fnuutvciwly. On oLIict part« of thr biain tli<> cortrx covers the sorftieG coo- 
tlbuuusly, as is «hou-n bn Fig. 134«; il «nws, howci'rr, i^io*« to th« vpnirid« «t 
Uto mnrgin*! infolding, «nd l«Avve exiMO»! a «liitc, «vmew-li&l curved trardcr, tliB 
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ftmbri«. Vig, Mh- ■■ inlcndcd to »hwT thi* nnd llic laftddii^; irhlch ihe corlex aa- 
dcrgo« berure It »nils. Hctwwu Uie fyiut hiiiiiMimipi luid Ih« tno, rnvduIUrj- ndgo 
ol ibt hmUftipm (flmbm— fomlx), there Bull 11**, howev«, « ■null oMtvolution, 
wliich kufi pur[iuw?l V not Ihvii niMitiontH] bervloforc. It p^utr« ilt>u-iiw*id fmiD Uie (vd 
of tlie corjiUK mlluiuin to lliit a|>ox of Ih4< tiitiijinnil lobe, »nd tliprcfori* t«k(« piirl in 
Uiw cvnllfunitioa v( tJiv corau Anmivuis aln>. Ijomttr^ tlij* narron* gyrtu, <lcaign«l^ 
a« Uit! mrm« ^ruUauu (>r M«« Jii ilmt'tlit. on the ingtllul Beelton pievioURly d«non' 
ttntled, in t>t>W In mak« iU n'lalion In tlir ri>mix an<l 1)ip ^'MM liipprwampi prr- 
fnlly cUiMt. It lira, ua Id iImtic mimi, junl. iti rnmt uf Ihc inrolliii); of Die rj'n» 
U|i]We«lD[il. |>rodueetl bj' llie elmitDrlv nntiu-d Itxturr. A cniuaoi'tii)» of Xbt jtyriu 
ilimUlm i«. therefore, not rri>mented bj- Fig. 13|b, bat idoit correctly by Fig. I34r. 

Til« ronin ^itinKHii* i«, Uivrofuri', Uie biil|[ii))[ thnl ariM« in tJie vrntrielp tbTDU^ 
th« infolding ot the j^vrua tiippoeAinpi hy th« flit^uni kip|>o«iin|>l. Tbe compllckted 
lippe«rai>re of Uie nirnu Aninioui», whrn wrn in inui^verM.' t«<-tioii, is due U> Üie 
(«el tlMt the «mpx of thi^ Kyrutt r<«*r« jitat »t thi« [ilacv. And tkat III« IlmbriH uid 
jiyni» denUitUs tiin ulv»|i uvcr thi> itifuldinu. 

The relniion of the giTu» hippoenmpi to the IntrrioT liom ot the Ulrral ven- 
Itid* 'Ut<ofur* clntrrjii, il I lii>ir rfMnoM'liAiM arf- tmred in tli» Urgn Mction« of Lb« 
limtn rv|inx)ii«rd in Ftp. 175, 1S2, tSd, «ltd 1H7. 

Tho g>'mB fornlcvttM and lu eaiiliuimtion. Uie gi>Tus hlpfNxuBpt, ore loniied 
r&Ui»r eatty iit the rmbryu- PofmI t» tlte marKia of Ihe beutitpher« (arch of th« 
fornix) lb*ra npftmr« in all tanmnul« a flMurs vbii-U, Tunniirir tHirnllH wtlli tbo 
Tomlx, pftMC« down with It into Uie teBi|ioTnl lobe. It it called the puttyinai /tomrf. 
or llMwrn IfMblcvi, and Ibe gynta left lirtvirtn It and tlie loniis. tbr mnrirfiMl otm- 
rntiilicHi. Tbr AJM-r* iif th» enT|iu>i nilUrfium (xut Iwtutvii tlii« gym* and Llio fornix 
In tbc more BiitrrioT n-|tion of the tiniin, und the convoliitioti xa tlii-n.- knv«n aa tbe 
(Wru« fornicnluM. Tliv more [lOiterlor portion of tlte nuirgiiial mnToliilion, liowcvrr. 
— th» portion de«i|[niilod m Um ffi/ru» AfjupoMrmpi,— border* almost direellj- on tba 
(orsU. In most nwuiinala the («fiius callnniim and tbc p>-TWi fnmicntus »ru rery 
■borL. 

If the ap|>or mrfucc »f llu< i-nrpitfi callosum is agaiD exaniinetl, a thin, 
gray, longitudiiuil line vM\ b<> wf>n upoa it on i-ach üide (Fig. 124, Lt). That 
lini, — the sfria loni/Uuilinali* Lancisi — in ilu' con I in uat ion of the gjTtta den- 
tatiw: a cDnvohiiion atrophirtl (?vrn in the comu Ammonis. 

At th«! posteriiir end of the corpus callnstim n ehnrt fon%-nIulion is eome- 
timtf «era passing in n <lin?ctinn tov-nnl the fornix, tnih whirh it unites. 
It ift tbc spnui talhsus, which occurs in m«n as a very atrophic structiue 
obIjt, and i« not at all eonstanl. 

Find lhi> f^-nia iiorinatuti nn tho fresh bmin internal tu the apex of the 
temporal lobe, anil from there follow the gyruB hip|Mieampi upward. Tbea 
find ihe arch of the fornix, irhieh is ewil/ done, above the posterior portion 
of th» thalaiQiiK and note (hat it pa>*es orcr intu the fimliria. which i« 
vii>il>li* as n white, iiiedullarj- tine almoet to the apex of Ihc comu .\nimoaiB. 
FinnllT. tnakca fruiital section, which will ahov the relation of the structnra 
named to tho inferior horn. 

On the t»asc of tbo brain only a few important finurca are found id addi- 
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tion, to the fissiira hippocampi, which really belongs to the mesial surface. 
On the under surlfltH! of tlie Trontal lobe lie the sulei orbilaUs and otfofloriL 
The vouTcilutioiin between tliem, rE'giinh>(l ti» conti nimttonfi of the frontal 
gyri, are detiif^ialeil by the Dfimes of tha«e frnntnl gyri with which thej* ar« 
rcapectiTely continuous. 

Tho cortex of the bHiuil iiirfRce a( the b-ontal lobe bordcn on thnt piiy mittter 
at tha base of the limiu »liidt Iwloii^ to tho oirncb^ry iippiirntui. We shall hare 
OccMlon lo cuitBiJi.-r tliiti gniy iiiiittiT Inter. Tn o titiinll elerntiona utuated ucar Ih« 
infilUn line am! pvlpodiiip out trnm ihl* grar nmttcr dorMlly. tli« yimiit rrelut unci 
til* (lyrtw aulcalUiHtm lying iK'himi thi«, belong, pprltup», to thn olfactory ufpitmtiiB. 
At all event», tlie Inttrr uf tlic tv>c» eyri ta\*m from tlie (lutriildtiii; produced by a 
liiiiulle of flbors piuaing nloii;; uii<)«r it in thli iltuatlan, which biindl« [nimm from 
tlio tcrtniDatioD« o( tbe olfaetory radiation up wvt tho M|i(um into tti« fornix. It 
i* Uiat very bunillr tn »kti-h, in th<> Ioutt vrrtnbrnU*«, I Uinittrhl it nccoasnry to 
«Ulribut* eo great aij^ifli^oncc (or the intt^rpr^tatifin of th» mt-i^inl cortex of tho brain. 
See fig» 7(1 und 100: Tr. mrlkv-vlfaetoriua septi. 



At the baae of the hrain the temporal «nd occipital lobe« cannot he 
■rated from one another. lyongitudinally-directed fieeures, in enmller 
amber, Iravergc Iht region common to both lobe^ which, in general, is 
included in the temporal lobe. The middle temporal gyms extendi only a 
short (liBtaiH'e toward the base; that which is vimble hebings almost en- 
tirely to the inferior, nr tliirrl, tempornl pyms. This is Bppnmtetl by means 
of a rather superficial fiKüure, — whieh is nlmoüt always intemipted several 
lime», — the stilais trmporalis üifrrior, from a long, )>p in die-shaped convolu- 
tion, the ^ijrua fusifortniii,~a gynis invariably well defined. This gyrus 
border» directly on the long gyriw hippocampi. It ie separated from tho 
hippocnmpal gyrus by a long, deep fissure, a fissure appearing very early in 
embryonic life, the fismra coUnieraH*. The collnleral fissure extends over 
the entire under surface of the brain from the nceipilal lobe to the apex of 
the temporal lobe. 

The fissures of the hrnin may be very easily fixed in mind by stadjing 
them on the developing brain instead of on that of tlie adult. At the same 
time, Bcvenil faetp. very interefiting from a morphological stand-point, are 
diMloaed as an additional compensation. 

If the very yonng brain ia examined, whieh is shown in Fig. SO, it ia 
seen that a fissure runs along the greater [wirt of the inner edge at the place 
where the wall of the forebrain passes over into the thin velum inlerpositum, 
which consist of epithelium only. The two u-alls of the fisstire are formed 
just by this epithelial plate fli* has named it the /issura chorioidta. Later 
in life it is filled up by the vctwcls growing into it, and it is then no longer 
demonstrable, becsiise its waits form the covering of the plexus chorioideua. 

Even during the second and third montiis, a second fissnre ia met with, 
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The brain tluil wo «ic ronnitUring in ntill rqnootli on the outer wjrfu« »nil just 
•lightly dilTeT«ntiate>l on the nie^iul tmrfAt« by Iliv tiaiura arcuau, Now. liowerer, 
aImuI th« beginning of Vnv third ntonlli, tlirr* i» prvM>nt'>d a twjiutjful coo firnui lion 
of ÜI0 propMitioii, prrviniiitly »tittitl, nunwly; th«L tlip JliuiuTr» of th« Vrnin reiiiU 
froin 111« iliir«rciic(> In grouth bMwe«n tli^ roof of the skull and the deveIo|iing 
fundament« within ih« hinin. FiMtui*» ajipcur only in Primotes. the brnius of wliich, 
■» i> known, attain tliv ^rvalont expnn»icin, whicli flviire« iiri* armngiKl in tliX' form 
of a fun on the ininT uml outer tide of liic bruin, Tli<-\v eonver^c toward the haac 
of Ihe skull JiiJ. viiryiiiit in iiuiiiher mid fuinivd (■üwniUlly na Uw mMinl uall, have 
•xaetly th« dirM-lion thst uouid l>e expe<^t«d and required if th» brain vatt with 
conpreMion or pressure during the c^|)onHo^ of Its uiEintle. 

Son» liuii.' iliiriiig the iiiurn- nf ilii' luurU) month, ■iiuiiliaiw>ou«ly with tlie Hit- 
vthrptarat of the 6ber« oi the corpus ciülosuin Wtuceu th« hi.-ini»i')icn!s, these pri- 
Vurr flsBUfcH dlmppaar. uiid at iJie Iteginiiing of the äftli month th« entire hemispher« 
la again smooth. The** tnmitiUny psmven havp nrvcv \ifen found in other nummals, 
but [ may coiuniuni(.-Hle to yixi the icitrrrstiiiii fnct t.hat. under ii-rtniii nreiinjulaiiKa, 
in cases nitb an abnormnt rate of development, Ibsurci having a similar dlreollon 



Fig. IM.-— Tntnailory flssuie» u( the braiit. Urains of (etuaea of tke elevenih 
and thirlMfiili weeks. (After CuniiinghaBLl 

«ever tlie »urfnce of the ndult bniin. Purely inecfaanieal disturl«ace» teod to auch 
niäleJ flsmiTliig. as the exnm|t|e illustrated hy Fig. 13" at once shows. 

In ■everal nf lhi> Intor iiiniiiniiiU iil&o. n* in t.he Mar«upial«, aurlt radially |>lBe«d 
ÜaaurcB lue here und ihrre found on the bruin. 



Although the tran^itcrv fis£ltn?t^ Imvo oumniouly (ijäappt'Ai^Kl hy the 
fifth month, a ci^rlaiu IvikIl'Ik-v to tlie dovoli^piiionl uf similar ti»«iirfi> »till 
remains. The fisaura parittu-nccipitalis d«velop« very early (m« Fig. 132) 
in exttctly the cntirw of such u trausitory fiMtire which preTJou&ly had a 
similar dirt-ction; und od th« outw sidi- u( liie brain there is found — in 
^A)K«, at i«a«t — a cuntiuuntion probably paasiQK out from it, the fisaum ftr- 
' p*ndienlari3 txl. The fianni cnlcarin«, which is dcmonitrablc very eariy, 
,»l80 lice in the dirp<-tiöii of this ^Id transitory fisgiin?. 

Now, however, probably townrd the end of the flitii month, there begin« 
th« development of tluwe fitt«mHäs which we have previously become familiar 
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witii from t\w rtudy of tlie adult hn'm. The Sylvian fossa, the origin of 
which una rarlk-r i'KpI«ini>il. ht-romcs narrowpr; the wall of the brain aroiind 
nlfuiit it ^ron-s iitid fwn hnngs ilown over it on all eidv». The iiuuUi begins 
to disapjjvar at the bottom of the tisetire; the ed^ts of the fooMi approach 
one üiiothcr more and more, and finally meet toward the end of fcetal Uf«. 






Fig. l37-~I>Hrg« »cnr u» tbe tttilet aülc of k orrvbrutu. All ihr convolutiQii» con- 
rtjfK towKTtl th« point where the brain could not expand. (Aftor Zweiter.) 

Tbc fisaura Sylrü, witli It« brani-hi>«, now alouv afford« accesa to the fosu 
over the insula Keilii, which va» at on« tirae wide open. 

ßy the end of ihu tiflh month the fundamcut of the central fiaeure has 
app^iLnnl dorval to the fisiurc of >Srtri»5. 

Onidually, in the conree of the sixth and tevvnth montlu all the other 
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Fig, IK. — Braia Mt th« rod of Ih« Mt-rnth inonth. 



follow the few fisDice jtist mentioned. Bnt they are etill so little 
^mnchtrd und »<i ^itti)>]v arranged that a jilancc at a fetal bnin at th« «nd 
of the »ewnth month is siitficient in order to snrreT at once the mort hxi- 
pnrtunt part« of the (isenration of the brain (Fi^. 13S). 

Tliat whieh here lint before us rewnibles a selienui of the fi«nil«fl of th« 
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adult bruiu. The ccotnil cünvolutiom in front aod bcbiud tht; ccutraL 
fiteiirc; the- three frontal jmi, «till incompletely geparoted from one un- 
other; the «iipenor and inferior purls of the parietal lobe, between which 
the throe compouente uf the fissurEt interparietnlis are visible; finally thv 
temporal lobe divided into thriH- pari* — those are all proHiintm, and, when 
once «nderetocdj make their rcL-ognitiou later iu the adidt brain a lerj 
«asv matter. 



'lite prut iiitün-st «liicL ia olion» in tlie ilirvvlu|fiMeii.t Kui (mrfuctivu of the 
broin-flMUTM it not occvMunvd [iurcly by nior[>liology. Since the Hcientillc «tiidy of 
th« bruin boa beconir gviu^rnl, thvrt- hau hrrn uit (•inliiiiitr to aiiiw'er th« i^Uestlon, 
wlicther Uie imclU-ctml alutua tit \ht liiiltviiliinl tuny smudiuvt Iw reflectod in th« 
«xpanaion of the Aurftic« of tlie i>erel>rujii. Gall even believed hinifielf jiiKtilii-d iti 
layhig down the ])ro))o«itti>R thftt men ninkin^ pftpiH-ially high illtcll(^:tuaily huv« 
largor utd inorp rictily i<finv(>liil«d centbrums thnn uthpn, und ÜulI thv (rantAl lobea 
kte pRpondcrantly lia'ttvr alvvvtopCiL 

Here, bowevcr, ne nre dcatiiig uitb a genrni] im])iv««iuii mthcr tliitit nidh t4ie 
r«tulL of exitL-t iiiettatiri-mvnt und Dr»iLpiim.tiv« nliiterviilian. Itntlly ■^rioii* «ludin in 
Uiia (liicctioii first fluli" liuui the (iiuc wlieii Huioiph \Vasntr, in IdOU, iiiramted I» 
the G&lting«D Soei«ty of Si:ii>nce« the report of ihe invent igntlons whieU be bad made 
on t>i» bi-uin of thr pf1«briil«l iiiAt)i<:mrtli('iAn, linuM, uud on wvpral other bruins uf 
]i1ii]onc>ph('rn und men uf letlvn. Since then we bave ruuu; inlo pwacaiioD of ft rcry 
luge nutnher of dvwcrij'l iou» of i^otivoliiliou«. 

7'hrrv U hardly a liMiirc, hardly a convolutiuii. that cannot now prctrnt a smnll 
literature ul ila own. The tyiiiial lelu-tiutia um rr^unln tlic dimUiMi mid » «wrtniit 
number of j>o«aiblc vumtionit are well known for »II the nulei anil gyri. Wo poweM 
dracriplJons of the Burfnve of the brniii. nut only of Europeans, but also of rvpiv 
»entativca of inuiiy foreign |ica|ilLi. Tbv unlhrripnd ii]n^* have \icn\ itindn tb<s mib- 
ject of ver>' numeroua iuveatigutions, aud a \<ay stalnu« sttidy lias licvn dnuted to 
tba otlicr »pea by many invnttiKatan. Th? drvrlnpniml »f the convoIiiUons n now 
exactly known l<a man, nnd iimny npe« alio. It ha« It^onic ap|)nr^iit from tlicM 
etudlce t^irnnliijrA(ir7ij ihut tlic cinbryouic flcAure« and vouvulul iona a|i|icMr by un 
nmis simullatieously in all individual*, nor bnv-9 the aame OMiflf^nilion when Uicy 
■J« Mi«c dittiiicily ))rc«cnt Tbi« fiuit ia. tbercforc, vay importaDt, bcc«u#r it «m- 
taina the (irool Ihal tht mrtr.r of titc brtiin, tbr orpm of (hr htf/licr iiitfllectuaJ 
aeitrim, i» t-artotulp rj^jtatnli-it in ilifjrr'iit indiriiluiitt. iren in llu- fimäanunl. 

If no mention nt »11 Mere mnAc of all thiMr nnm^rau« invcstigatioiu while de- 
Bcribing the cuii volutiutu of ihe adult human btaiii. hii-cjtltKALiotis that have made 
us faiiiiliuT "till the varialioii» \v whidi Ihe imlii iduul nyri ure subj'Cct, it waa 
because these things nre. for the preaeitl. only ti> >)e rpoorded nnd H<t >«! arr tu 
be brought into no tort of «anneelion with the {H^fM-iiou »f thi> wpAmt« intellectual 
facultloa. Fur iuveatii;allutift (if ihe brain are «till vmiitinK ititirvly uhii-h ronaidnr, 
sünullaneouely with the develop mpiit »( tha gyrj, tbe entire intelWtuul irlatna at a 
Mnglc indtridual. Evan no"-, when nutncroua careful rcaenrchM have (Inally (ui^ 
nialied m somnwhal of a Hurvey, we are «till hardly able I» i*r>mider iiieb relatione 
However, the attempt muet be nuide even now- to inve>itlf^le the e<irmpi>nding Coi^>' 
tical dcvelopoient for the fnrultiee known to W InnilLH-d. It la hoped Che tjm« will 
tbm come when Ihe cnnvoliitlnnB will be nii lonjier dvacrihed «itnply aa Bueh, hut 
raly In connection with the <]ue»lioiu wliicli their derelopnicut alnny« givca rise to In 
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inilivjdu«! nun. AtMolutrl; nothing is kti«u-n of Uie poiMisoit ol almcwt all of Ik« 
brains [ireviniiil^ dewrlbed. Thiw a rery Urg« p»it o( tli« dot« colleo(«<] Mcm» t« 
nw uoAt lo ivorthleBB. aiitl luier ^till protwbh- Iw rniirHy ro, (ur the point bi quet- 
tKM] rr»m uliH-li wtt firoi-vedtK). tli« diwoven- ol reUtiona botu-wn \he ooBfiguratian 
of ttip brnin ddJ the intellect iin I »talH» ot the posacwor. 

Xuu Uie Hilenipt luia, iti<l<i-ii. hum md» to dpcidp thp i|iimüoiii whptJi»r grMt«r 
ini»tli^ii<« mny oorrMpwid lo it Iui^-m' bnün, br neijghinf:. TbMMLiida asd IhoUMatU 
wf such entimnU« Itavc bocn niudc. but the iKigv amaiini ol nint^rinl tliiu utrtained 
contoiiu litllo lluit it of nny vnlur. Firat of nil, the body-treight has, in many «km«, 
not evra Inwii ct>iiMd«rc<l. Tlii». howvv«-, iocreaac« nccarding t« fnctor* i^Dit* iit 
fcTNit from those controllinir the brain: nm'«rtli«lM8, a cerlaiii conniKlian «xiats 
b«tuM'n tlic sifs of the twu. Tli«ii, hoMevrr, — nnd lliis apfiiMrs U> me the most ini- 
piitAtit.^fAc änclapmnil ut lAr rrrrbrum an a ichale ttittMt te vsrA at all ag a 
uii'u*irn> of Ihf gum littnl «/ inlfVlgetirT. It ia an acquiaitloa of ihe Uat d«cadi> only, 
tAat irf harr Icarnfd thni diffrrcnl braint nutii harr n wr» Hfftrcnt irvriopmcnt 
of tkrir rffrfou« rrj/tMU. At prpwut tbvsc cortical iv^ons rnniiot be so «epaTatcd 
(ixNB «n« anoti«' that thi^y may ba cMupar«d moriiholagically or by waight. Th« 
lirmin-weljKhi for tiie majority ot mate« ranitc« brM«e*n tSOO and 1450 franniM: for 
feaialc« it ia & littl« Ims. Nou-, uncomnionly h«avy brains oomtr at times in ladl- 
vidual^wbo do not rank very bigh intellect niüly. and, on the oth«r hand, rclatirdy 
low weighta have bees found in mm of [ironiinrnee. We are not aecustoin«^!. how- 
•v*r, to neasDr* a man'* tnUll^i-tiinl vnhi* in it* nntirv^y, which, indfod, i« almost 
narer pouiblok hut xrarratly urconlinft to »omr mixvinllv proininirnl characteristic, 
«htrh (rives authority, iwaition. eir., lo Die Indiriduul. Such prmiUaritle« may nry 
•rr*l bt frtiprd (o Ihr inrrtatrd äfrrlopmml Of a «inylt <*trtS«il rrjrion, this incftasa 
not dlrfvlly i>xpn««ing it*r1t in the funeral rrlatitiin uf tli« (ryri or in tha brain- 
w<>i^bt. Anyon« endowed with «nomiouB riiual memory. Tiiitat imagefy, at«., and 
with all the Intellectual attributes that characterize the gnmt artist, miglit occupy 
a position tnitirely iini<|ne, y«t tliv tncmnai^I dnvclnpnieuL of tlia occipital lobe would. 
on wcighinSi ■how no cMwiitiul vojiation froiti tliv «vcrs^ brain 'wifiht if, perhaps, 
oUier cenlie« uvre developed lo a less degree. The same may be said of a mnilcian, 
«hare, in all probnhility. ue liavo to do uith an increaAo of tha temporal lob«>. 

Ooa wlio ia a gnai oratar, an mergetie man. nnd an in|ii>ninuii rontnuinder need 
net DseaaMrily peama a UT|;er brain. Theae cliuacteriUics may well be baaed upon 
T«ry iBwll local Increasea of lunüie cortical areas. Gambelta's brain, for example, the 
■iweeh-arai of which was dearribed as unrommonly devr|(t|inl (we above), weighed 
iMidly more than th« aven^;» of the amaller brains At present so little t* known 
regarding tliv dirtinil area« that in feneral hardly lUbTe can be utiil Uiau tliat espe- 
dal developnienl of the (r<<ntHl Inbm frwjiiently grH-o hand in hand «ilh high in- 
telleetnaj qualltifs, and that imrafncicnt cndouinut. even idiocy, is found to b« 
•onjiaratiTsly fitN^umt in iIim« mttJi abnormally »ntall frontal lobes. That which 
Is «1111 entirely wanting and ts not to be attained nt all al th« prewint time, is data 
of «alght tor the separate regions of the cortex. From this stale nf alTairs it will 
be understood why I do not, al th« preaent time, glre Anything more definite eon- 
ceming the weixlit-rrlatiant of Um central nervous syslcm. 

It Dnt ocruned to prrtn. my late friend, that a comparatively large number 
of m«« wIk> ar» intalleetaalty «ninent give the impreasion from their type of faee 
that iJiey nay hav« Inul an hydrocephalns. which healed in esirly childhood, llo 
n|>re«a*d the eonjeeture that, if a moderali* hydroce^ilmlua ihoutd recede. ■ resist- 
anc« which la proportionally much leas would o(>]Mse the growth ot th« brain, on 
«eeovnt of the enlargxl akiiU. fänce then I have followed this rtiggeslion which he 
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gave me, and hare found proofs of ita correctness in not a very small number of 
cases. Rubinstein's powerful skull, for example, showed on section, accoiding to 
newspaper accounts, very clear evidences of sn (dd rachitis; and we even know 
that Cuvier, who had an uncommonly heavy brain, was hydrocephalic in child- 
hood. Whoever carefully examines a good collection of photographs, following the 
Suggestion given by Perls, will meet with many faces that are manifestly of an 
hydrocephalic nature, and precisely in men who rank especially high intellectually. 
Naturally, all men of high intellectual attainment are not healed hydrocephalics, any 
more than every healed hydrocephalic must hare a better development of the braia 
as a consequence. 



CHAPTER XIV. 



Tbk Bkain op AUumals and the Olfactobt Ai-paratts. 

la tbc Qrst chaptv» the rulBtions of the forebrain of mttiuiiiah could 
onlj \te touched upou in a Terv general »ay. At prwent, when you are 
better «eqiiaint«d with the etnicture of the human Iraiii, it will pay you to 
glanrc at other mammalian braine. Much of that which i& knovii regarding 
the fibor-systems, etc., lias been gainei), as jou know, not from tho human 
brain, but from a study »f that uf aiiimaU. A ^cat many thiii;^ that appear 
hardly intelligible in human Uraitm are mi>t with much better develojied in 
lower venehratetL 

[f it is divired riearly to understand the enormoug differences in degree 
of perfeciiuo of the luimtU- nf thv forebrsin Thich are found in the varione 
nanunaU, they miut be coneidered in r«$:&rd to a fact which op to the 
present time has not bceu äiilüciotitty recognized. The manlle is not a unit 
funitiunattt/. It is tompmttl rather of a lar^ namber uf different ;«iWs — 
called centers — and uumemuB jthy^iological lutperimenlK have bhown that 
movement« vhich nui>t lii> aeijuired, and probably moHt of the intellectual 
combinntion&, are only made pocaible by the existence of such ccnlcrB. 

Tile intmductoiT ehapters hare liliown that the real motor and scaKory 
centers are eituated low donn, from the epinal cord to the midbrain, and 
that theK, even if the forebrain is «-anting, an' in theroselve« eiifficient 
for necessary activity. These centen, preeent in abundance and found at 
an early period, are conneet«! with one another to form series. 

t:iperin>ental |ilii'dolog}r «bowm. Iiom«««-, tlial miuiy at Uio loufrr mit^ra ara 
coni>n,-lMl witli liigbf-r e«ot«r«, tootled ntiovo In th« <<or1»x. In auch a maruwr tJiat 
initatlo« of Ui« Ult«r [inxluoc« iiiovrnifBl. 0( nlitit nuliirc ani) importaaee ibe to- 
flueiicfl of the highn cenlM-« nti the luuvr rm>' 1» i* Mill a inatlxr of tparial du- 
rauion. For thb rrawn an endeavor lia* («rn m»de to atudj- ws cKacUr «a jMNMlbl« 
Ikv phnHiRirBB Utnt npiwnr aftM iImt rvmovut of porthm* of Iha cortex. DouliUeoa 
the inipcrrluDT« ol the t'-lir pUvpH t>j: th«> r^-tvhral <x>rt*x i* difftrMit in AMtn-nl r»rt*- 
braUia. Wlilk Uie mnovml of the entire o«n4inini in luwrr vcrtebnit» do«a not de- 
■tny th« alilllty to ymrUtmt MMraer moremrata wiUi pDidfiii-y. in OMiniiiali, after d«- 
•traction of cirnimw-ribcd portion« of t>t« tnotar »one. jmrnlyt«« aitpear, wliicli ore 
rtrj tratiMloTy. In man diMwar in-«n of rrUtlvelj imfllt portion* of Ibe rarfrx olton 
l«ada ta penuancul [wnilyw«- UmtHrntltt all vtulnr, attd mantf *ni«o juirrAfnjl. tune- 
Iboti» nar fc' prrfttrmrd bv (»«rl« "/ Itf tmlril itTTwim ^i/^trm ii(httt'-4 loirrr dotnt. 
r*r kipktr ler HMnirf fn Ikr nrUbrntr »rrlM. fcoiw-iw, tk« wiorr it ffcr e«r|r» am- 
crmrd In (Ar tiHMtg of the ir^lH, «id llu more i» MUMiougiui* tmrt wit* 94 MW- 
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miHilaut. Mail Iihb. in thi« ree|iect. renc)i«d n itag« whm itianv of th« (unctioiu txnt* 
Mfiwit MD DO long«T he irxt^cuud H'ithnut th« ]wiTti«)))ati<:>a of the cortts. All Ui« 
pOMiblr irannition aliiirrn ur« obwrvril ill iiinmmala. It La &u« Üiut the ecpurst« 
niuclea, etc., can be iiiäH(>nM>d in maDininlB tliruii);h trriution of l.lio cortex, but th« , 
parte ot the corLcx tliu» tuvulvcd arc u^;t nei:t*-*ttry for the nivvcincnli L-ouc«rnrda 
In in>n, howrvor, thl^ grmtoi |M>rlion ot the «urraci- of the torebriiUi hai become tn- 
dltpoiudbl«. 

Morpttologicatly, this reiation txpresau itstlf in c vtry different dtvtlop- 
mw/ of the Mriow parts of Ifie brain-mantk. At prwent the o««entUil parts 
of (ho tnanti« can ho distingui^ihcd from one- another in n fow tnammali< nnly; 
Jft it U already known that ike ittielopment of the cortex is continuous in iha 
mammalißn series. There exist« the greatest of vsristioQg ittd the most 
Tariable of aize-relntioua; yet i^vvn at jir^scui the jKUitEou which a few of 
the iDBmmnU occupy in tin; entLre wrics can be indicaltMl. Etc» » aiiper- 
ficisl coDäitUTatioii nf tiianimulian binins shows that ami center capccially* 
the oHactori' center, preepnta Dio«t varying eizo-relutions« eo eoiuidtrablc, 



Fig. ISfr.—Bnin of bk «nnuilillo: /)n«yr><iA villonu. ( Sid»- view.) 
The olh«l«n' apparalut i« «hndcd. 

eomctimee, that the entire remaining portion of tho mantle appears to be u 
naall appendage only of the olfactory lobe. 

The olfactory brain 19 that part of the cortex which first appf&r« in the 
animal acrice; the other cortical regions become only later osKociated with 
this. Among mimy of the lower mammal« oniniaU ate known which p<)!«esa 
nuiiment«, at fir»t only relativ.'ly small, nf that portion of the mantle which 
docs not belong to the otfactori' apparatus. In ^ncli a ess«, the olfnetory 
lobe, and whatever el»« liitIonj(s to the cortical olfactory apparatus, often 
fonns almoei one-half of the entire mass of the forebraio. 

What is known r^gnriltng thi? mnniipr of life of «uch "olfactoo" animah agren 
well nltb Itic «tructurr nf thdr limiiui. Thtr sniiill nnrniditlo. tor example, the brain 
of which \t nprttoiied above, «]>tnitB lis entire lifi^ hurroMing in tho «otl nnil en^p- 
ing about undvr the folt*Ke of tbe dcnw |irinieral fureftlfk For chmwing iU food, tor 
finding it, nn »vnuity appuTatn« will bi< t« impoTlMnt to it as that of «mell. Th« 
uuifoniily limlled Mttvltiea of the pinnip body Mill need fewer &«|uin>d nnil de- 
liheraU- nrl* lliaii the ]iTi>hensile hand of un npe. tierha;». In tha lutter, therefore, 
we ahould expert n mnrh peoloil ilcvclopment of the true peyi^hle»} eentet» for the 
Upper extremities than in th« small emturc thnt live« b,T iraI)o«'Iiig. Tili«, in tact, 

1» 



Slrt 



ASAToyr or the cextrai. XEnror« SYsrinc. 



li «twl occui». At pr«»iaiu moreover, »e <^n evtn ocoiiiotiallj conduiJe from ihe 
d««clopau>nt of ft d«'flnit« rattiral rr^ion tJi« pxiet«-!)?« oj »a ahilit; to exwuW in 
« certain diiMtiun. Tlic dcplmnt. for cxneipic, po«*«*<3i im cqfvrUUy Ur^ corUoil 
tM In the rpgion of (be cortex wlicre the tttckd «rcai U luuilktHl In the lüglnr 
BMRUmI*. Thia i« «nlinly wanting Jn tfa« rhinix^Ta« n>i<l U(>ir. If nothing- *tn 
latowa of tbc noiuhrful ability of itic nnini*l to uk it» Inink in lucli mrioiu waja. 
It nif[lil, htiuvvi't, bo («i^ectur*^! (r«iii the |irMnnw uf the »hnveuicntinnird fluid In 
the (lu-iiil aiva that (rum thb c«nter diukIm wctt iunvnatitl wlilcb via* cnpnhic of 
vtry »pwtil fntiction. 



A\] the inieeiigations on the mantle 1e«i1 to the conclusion that it is 
couposfid of .separate an;»?, which may rnry in relative $ize. One part of 
thfec Mnters stands in relation to motor nnd wnsory procceäes. Another 
part, aa yet stiulie«) in niiin only. 4>onIfliTi.s nccortlin}; to tht> hrilliant dt&- 
covi-rv of Flefhsiij, awnciation-rvjjinnii nlone which are well «<lapti>d struct- 
urally to form connections with one another and with other centers. Ac- 
cordirK to fUrhgig, it is prohaiile that the intellectual superiority of the 
PriniHtes reata upon the high degree of perfection of the "centers of asso- 
ciation.** In point of fact, the brain-mantle generally increaees in etich a 
manner that a larger ninnlle is fotmd in the more intelligent animals than 
in thotie eapecially deficient mentally and of tow rank. It will be the object 
of continued investigation to nhow hnw the individual elements grov. Tile 
interest which inTi<»ligationK in the e<>m|iarative anatomy of the cerebral 
ronvolutinnü really have lies just in this ini|uirt', rather than in ptin-ljr mor- 
phological conaideration«. 

Very gradually, then, the mantle increascj^ in extent ascending in the 
rertcbrat« Mriee. In the apee, l>elong)ng to the das« of primates, it ha« 
attained an expan^on which borders cloeely on the relations foand in man. 
XvTerthele«6, an important factor, besides mure ime^^ntial relations, still 
separaten it from the stage reached by miui. The frontal lobe, still very 
small in tho lower apes, attains a large su!« in the higher apes, hut always 
retiiainti ven,' much inferior to that «f man. In man, e%en, this develop- 
mental procew is in nowise terminali-d »s yet. Differences still plainly 
occur in the region of the frontal loW which allow ns to infer the poesi- 
bUity of further perfecting. The inferior region of the frontal lolw. which 
coDtain.« the centers of speech, and shows very marke«! vnriationu in develop- 
ment, is the part more particularly conuemcd. 

AVTien a small mantle i^ pn-sent thr> fillers isf^iiini; from it enn tuiturally 
be only few in number. In fnet, the radiation fmm the cortex is so meagre 
in many smaller mammaU that a real centmm semiorale w not formed at 
nil — the entin- flber-sysleni nmrc fre«|uenlly being limited to n rclnfively 
thin covering under the cortex. Tliis layer of white matter then horde« 
directly upon the ventricle, and is traversed hy the terminal filaments of 
its epithelium. 



THE DRAIS or )IAirU.\LS AND THE OLFACTORT APPABATCS. 



211 



Moreover, the priuei|Ml ctrnmissiirc of that portion of the mantle whicli 
iäoes not belong to the olfactury apparattiB, the corpus calloniim, is also so 
small that it occupies a TfUitivcly small portion only of the meiiiial surlBce 
of the htinisphiTf. IiiUftd. in mjuh* monotremes and in the maraapials 
hitherto investigated a corpus calloaum is entirely wanting {Spnington, £. 
Smith). 

Likowiec, the fiber-syetcme pnssinjr down from the nioutle, especially 
those to the pong and the äpinal eord, (he fibers of tJie pes, are, in all vert*- 
bratee very much lees developed than in man. 

For the tno»t part the olfactory apparatus is much more püwcrfuUy 
developed than in man, but it may also atrophy very enormously, even 
degenerate to such un extent that it almost di^appearB, as in the aquatic' 
mAnmiak Accordingly, mamiualä have been divided into osmatic and 
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Fig. 140,— Brain of armadillo: nattj/ptu rilfonti. {BamI view.) 

■DOflmattc The investigation of a very lar^e scries of animal brains shows 
that the olfaclor>i apparatus and the pallium tltvehp mtireli/ indtpendenily 
of one another phylogenelicaliy: that the one may atrophy, the other attain 
a higher degree of perfection; auti vice verfi. The greater perfection of ihc 
olfactory apparatus manifests itself not only in the more powerful develop- 
ment of the olfactory lobe and the olfactory region of the mantle, but also, 
on the other hand, in a very marked development of definite cell-groups and 
ßbeni belonging to tliia apparatus in other part« of the hniin. 

'ITie olfaciorti apparatus will, therefore, lie considered, first of all, as a 
vhole. Present in man. as relatively atrophied remnanta only, it may be 
more easily ettidicd in many other mammals. 

tllustrations are here presented of the base of the brain of a calf and 
of an armadillo. A large lobe is hero seen which anteriorly is covered as if 
with a cap by an enlargement, and posteriorly passes over »omewhat directly 
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into the convotutioo of Uic corau Aoimoniü. Tbis is tlic olfactory brain. 
In Ü1C arnmdill» — and in the dog, rahbit, nnJ many othpr mammals aleo— 
it ii much lur^vr than in the calf. It then nearly always oocupies thu entin 
hue of the brain, 'fhig is the same part of the brain which. ID reptiles, tirst 
made iu a))peRrancf ae a eeparate rvgion of the mantle. S<« Chapter Xll, 
pagee 170 and 171. 

Th« fiia olfacioria, out off uueveuljr in the epwimen, enter the anterior 
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P%, 141.— Th« bwe at « cUIV »«ill. Tlw wntrirf« purpoMlf opoiMnl fro« 
Mow in ocdtr to ahou It« receiMi: the R. aplicus, iiiluiidibull, and tnuuillaria. 
BilrtMM rt . olfactory tiimdi.-. 



part. The huV>\t$ olfadoriue is shortly mot with. This resia upon the tobH$ 
olfacioriui anttrior, the fronUl division of the entire apptratiu. The tobui 
oUacloriu» anterior tlien passes uvor into the foil« otfaehriv* potUrii»; 
which is particularly well defined in the armadillo (Daaffrus). In Fig. HI 
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it is designated a» the spatiiim oifacloriutn (olfaflory area, or e$pac* qnaäri- 
lai^re of Hroca). 

To this entire apparatus (here U added posteriorly the corticaJ arta, or 
field, of the olfactory apparatus^ which has bren designated, on account of its 
aliape, as llie lobms pi/riformis. Mesiallj, thii pjTiform lobe posses directly 
OTtT into the territory of Uit ^yrus hippocampi. 

The loDR fie$ura limbica ecimniti» the olfactory braio from the rcmain- 
ing pallium. 

The liiiera of th« otficinr^ ntrtf dip into the bulbus. A section through 
the bolbuä reveals a distinct eeporation of the tiesuos into layera. As would 
be expected, the fibers of the olfactory nerve lie most externallr. Then 
fotlowB A grayiah-vrhite lone, in which, evi-u with Uie naked eye, there are 
Tiaibk- numerous small balls, tlie iflevieruli otfaetorii; it is known as the 
layer <»f tlic glonicmli. Within this Ül-k the gray layer of ganglionic cells, 
irliicli then gradually piii^ot:, by iiu-aii» of a "granular lonc," over into the 
oUoctoiy medulla. A delicate extcnsioa of the lateral Tentriclv reaches 
into the bulbus. The ventricular epithelium bordcn immediately upon the 
layer of mcdullated übers. 

biTestigatioDs by Qol^, S. and P. Jfamäa y Cajal, and chose by 
Oehuchffn and Költikrr huvi' made uä familitir nitli the elements of these 
layets, and with the very interesting connvetiou of some of thwe elements 
irith the äbera of the olfactory nerve. 



Tltt Gbtr» of llir olfaHorp utrn^ «re no oilier than Ui« cenlrally <lir«<<ted t«r- 
mlna] procmtw of th« seuae-ccUi uf ihe alfAcIory miKoua membrnnr. This (act ha» 
nlraidy li*pn KtfflrrPil tn nhilti fipaiM-ibing tJi« cmlirynlofEy. 

Atla thrtt«! fibi-rs tinvc imsacd the (*ribrifnTni plate i>f Iho ctbinghl Kud xrrived 
nt the venlTuJ Burfjif« of the liulbus, tiii-y votlorgo ri>]ipiilMl •lerus'iatione. and thpii 
•ink inlo the «ubatnnon of tlir bmin. Tlirro i-fli'li m-iirnvon iintiiivliatrly hrcnka Up 
lnt«i a delicate tt-rminiil uTliorirjiti»ii. TIir urtxiriULt )uii tm-cU uiUi Uic thick branches 
of ft dpndrjtU- jironps«, wUicli »b Mitiilmly lirrancbcil, »mi l«ith vurieliw «f fllwr», wbioh 
lie in imcicdiutc contact with one uncthcr. toficthcr (orin « roundisli coBiplcx: Uw 
(bMDcnilua nl factor ius. 

Til« dpnilritjr procop« Ari«e« from h gnnglionlr cl>I1, wHich giv«« off HintiUr \aao- 
MM* in «biimlawpp. Only oiitr of ihcni conttnntly tiairrs into the rtrscribcd Telalion 
with the ojfaictory uervc^lllicni. Each of lh«e eolU of lli» bnUu I* <«nnM.-ti!d with 
quite A niiaibcr of olfactory flber», Sut^b ccHa. varying Id fom and tin, 11« In targe 
numl>m» in Dip pniy lay«! under tlie gldinrriili. ICiicb wnili ita neurutcm centnlty: 
it may h« followMl as fAr ai th« la}'>>r of n)Hlullat«tl flher*. M tfut«* it givm aIT 
collatl^^als on the way. Here ti « gooj exiuupte of wlial was apokcn of In the übuiilw 
m ÜI» mm Ivi lint inn of 111» liMue« of Ibe Nntrnl nr^n». Tho primary and Uie seo- 
«Mlary olfnctorj' pathi<-aya aro M^cn directly before you. and it is recognised that 
the connection la brought iihuul throuffh the upllttitig-up »f the neuraxoD of tho 
primär)' patbway and it» rontiK^t with thft dniiJritii- pror^MM from th* «econdarf. 

A number td nther elenirnt« (the nnvmis nature of which u »till in doubt) 
were alw found in (h* cortex of the «Ifnetory bulb. Hctwevn th« edta mentioned and 
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thv Ujor of iiK^iillAUd &Wr«, ijaHIj whhio ttiv sum«- «lau, lit; the cella ltitlu>rto 
dMigniiUd IM "yniDulcM." 1 hnvr i^lioiini Uirev tjrp^ "' tlioa? in the iccompanyiug 
illtMüUlot) (a, A, r). iionwet, mIU vrKh ft v«rj- idUcIi braDcliml iM^ittxon mk «rrrj* 
where pnsent (rj. 

The dltiuuft iMl-ivuik, nhich nil Dim» e1eai«nts form, i« nstnmlly nud« mudi 
won complicated on account of the (»ci thitt tht nmurQglin'cdU lie rTrr>-M-iitre 
within it. and thnt the prooeuM of the renirirulaT epIthetluDi «xtend btr into 
tht aubaUnc« of 11m bullnu al(>H«riu*. Tho il1ii*trulion, conihiiwti, in Ui« nuln. 
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Fig. ti£^ — SeotiMi Ihrougli the olfiHory nucoos meinbruM, th« Unin* 
gibrei. and the bnlhuo (tlfarioriu«. Tli«? cinncnt« ue «Mnbinnl »clicniiitirnllT. 
bat Uw icUUoM, Mpeeiallv Uiv lirandiinf; and tonn, an taksii fr»iti iirvpanlion«. 



fran drawing« by F4111 OehvdUMi, wo« Iwfit •• aiiBpl» and dhigranrnntifl as powible. 
Srarflking muat ba iauigiaed nnicb dnacr and rkh^r in Üben and coll». 

The entire formation of tht Imlbi« may bo eut\y traced back to the 
commoD «»rtjcal ^e. If Fig. 1-V8 i« turned tipsid* down and compared with 
Fig. U2, tlut fact U appanrnt at once. Th« text to the left of Pig. 142 ii 
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intended to simplifr the pom pflri«on. The «»tire formation of the bulbus is 
ihcri- di'signiileii as di« i-nrWx oi the hhii». 

The gray ii)ii^& i»f ilie l)iilWs seiid^ backward the central secondary ami 
tertinry pathways ot the olhctuiT np]»iirntiis. First of a)l, euch a pathiray 
exU-iide a>n?tiiiilly to Itit- »iirfaiT <■[ thu l(>lt)ii<, H'hi'K-, now «'plittin^ )i)i iittu 
several, now into fc\v-cr, strand^ it passes backn-ard. in so doing siniill 
fibers cuntinuuUy ]ifiEii <lciwn from tin» lateral olfaetort/ radiation deep into 
the cortex of the lobii». Yet the tract it not pxliaiisied by thi«: on the cnn- 
trary, its fibcrg, passinji over tlie oUnc:ory «re», extend farther backward 
until in the region of the nucleus amygdalae. All of thcue fibers have a 
large <Iianiet«r. and have been kuovni for a long time as the rooh of the 
äifiirhnj nerve. 

Id the deacripUcn of the Enwer verWbratt- brain the; hnvt^ bern mnrr clwacly 
(ollnu'vil, uiiil \\p huv«> \irvn iiMu to ronftrm Ihe fnct Ihiit n pnrt i^tTiiiinlr [ioam* 
itiU) Uli; (.'(irtt-x uf tJir iiKuiinrv lutir, just u» m ihv miiumulB iiLiuvv, MtH thnt, iu 
«dtlttlon In IhcBi! inii'tu« Ijitllio-i^ortk'nl««. a tnict o( flbei'« i§ prcnent. U'hi(>li, running 
in u »iiiiiliii <i>iiiiu>, xiiui t,i-\mjt\\f^ imd f\u\^ in llif rpiitrintiini. This c^tHtiiiitUin hits 
■Mit yvl tH-rn lumiil in iiiiijiiiiihIi, Iiituiim' mnlv nun' urii uc in il pMLllun lu wM^lc tur 
It. Bcelag that its «Aiattnc« lias Iwen r«cupiiEoil so itintiiirtlr in loner brains. Xirvvr- 
tbelem, it is ver^ prt>l>al>le chat ^immI ^td«« ta thnt etill-undisco^rrcd portion wf the 
Imiia «rw jKNtrnmcd in .those traota «f Hti^m thai I'Xlrnd int» tho iiiorv pu«t«rii)r re- 
gion; inl*t 111« luhus pyrifonui« nnil into thf iieijiliburtniud of the nuck'ui ninvi:<l'h«. 



■ 



From the olfactory' radiatione from the bulbus there must be die- 
tingnished a tisct which hitherto has been regarded as part oi it, and called 
the mesial rout nf the ulfaclory iiorve. There develop, namely, from iho 
fitetlvUa of the bulbus, uiiraei-ous fioer nerve-Sbere, which pass auay btnealh 
tlie cortex into the medulla of ihe lolms. Iii it they mix uilh the mediilUitod 
fiburs of the lnbus in such a mmmer that they are nut wpAnibli- ut present. 
At the posterior end of tlie lobus, directly in frtinl of the olfactory ßeld, 
however, a tract, which lieit in its rontinuation, lenve» the Iiibua and pa«MS 
beneath the thin cortci of the olfactory lobe upon the inner surface of the 
train. The cortex is raised up somewhat by this tract. This unviflJ olfactory 
fadialion, parsing o» i)ie inner Hide i<f the brain to the ^eptiim pellueidiim, 
exIendK over this intn the fiirnijc. anil frnm there into the eornii .ammonia. 
It n alvays U'w« white than the lateral railiation, on account of the thin cor* 
tical covering. 

A R^me separntc!) Ihe lobus olfaetoriuK puatcrior from the {otitis hipp»- 
eavipi. This einicturc, nln-ayii uneomraonly lar^e in the oniiatic animaU, 
coiitutn8 the inroljiiii; '»f the cornu .Vninionii^ at its mvi^ial edge. It is hanlly 
to be compared wilh ihe hiwII. relatively atrophied convolution of the comu 
Ammonis, the gyrti^ bippoeanipi. in man. At tlie Imsc of the brain the 
gyruü hipiMK-ampi follows the entire edge of the liemiapher«, ptutcee up poa* 
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teriorly on to the mc«ial surface of the brain, and here nins forward some 
distnn«. ]te äHbiciilum., the cortM, which is nut inroUeil and lies directly 
on the baac of the brain, then paam immediately over ioto the Mu$ supra- 
ealbaus — ^j/nis fomiealvt in man. 

In Ban the bijipiKanipal gjnt ilon not extend up under tlie corpus ctlloaam. 

Since the lobos supracallosus turns dornt anteriorly to the boec of the 
brain and appenrs to T*ech again the ^Ifüctorv area with it« most anterior 
ond, this unlire purtion of the <;ortex fomi? n kind of areh around the mar^a 
of the hemiBphere. Broca, who first discovered that the 'niriona cortical 
tract« entiring it all stnnd in a direct relation aa to aize with the develop- 
ment «f (hi" olfartorj apparatus, has designated the /ofriw iimbirus — aa he 
DaiDvd the entire area — aa the olfactory cortex. 

It li a <iUMth>D wttli IM wl^cthcr tJvc nrroa fomicitus btloags to tli« oUactocy 
appantin. 

The lobua limbicue is alwaya icparated from the reat of the brain by a 
large, distinct flianre: the ßtsvra limhtca. Its upper, cun'ed portion hae 
already been met with in man as the aulcua cinguli. According to tb« in* 
veatigatioiia of Xuckerhan4l, iho R.vrus dcnlntt» and it« continuation upon 
the nppcr surface of the corpus calloeanu the etria of Latuisi, must aUo be 
includH in the lobns limbiciis. All of tlicsc pyri which thus siuround the 
edge of the hemisphere — the lobne olfactorinü, the (TJTiib hippocampi, and 
the gj'rua fomicattis^ the etria of Lanciei and the fascia denlata — aro very 
etmngly develoiml in animals having highly perfectt-d olfaetory organs. 
They arv somewhat atrophied in those animals which have small olfactory 
lob», as is the ease with man. In the dolphin, which has no olfactory lobe, 
(her arc devülopcd Ihr lfa»t of all {Btwa, Z ucltd-antil). These parte of tlie 
brain, Wlonging manifi-otlr to the olfactory apparatus, are incladed with 
the Johns olfactoriii* under the term rhinenrfpAalon, euggcaled by 7'iirNfr. 
Tlie elemonta of the Hiinencephalon, the sulci and gyn, may bit demrm- 
itrated in all mammals with a certain constancy of arrangement. 

The separate pBris of the lobus limbietis of the right and left side are 
connected with one another by a large commiasural system; the eommissiira 
Biiierior. Ita anterior pedicle ariae« in the lobus oKacloriua of the one side, 
and. curved in the ehajn; of a horwehoe, pa»«* over at the base of the brain 
to the lobus of ihc other *ide. A posterior pedicle unite« the lobi comuiim 
Ammonia, or at Ica^t (he regions of the corlei which lie directly without the 
in-rolling of the oornu Ammonis. Finally, an aNcending branch of the an- 
terior conmiisaure is recognized in many nimnmals. It passes into the 
eapanla externa and is well adapted to connect the doraal part of the mar- 
ginal gyrus with pari) lying opposite. 
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Th« conioa Ammnni« tbtnuplTM pcmt» 1 4istinet ooimnimicstjfni vitk 
oDc ■nnther: aa «zt«aBTt> >^inii «f fflim «rtcnds betwccfl theaa. It m 
etUcd the mw i m f» nf tli« rorou Ammaois, or tlw pastttrivn. 

The «iniD Anunonb is cwumtfd «itb thv «l^inry lobe by the lawriil 
Ifartorr radUriwD almdr mentioned. Aa thr twettts cortico-olfactohna 
Bpti, it «ft» fim seen to appear in thr reptile«; tb« greatrst part of iti 
eonne is risible in Tig. 144. In the higher mammaU «nd in man the ttact 
is out In lie rpcvjrnii^^ vithnut fitnhcr etiidr, «nil hy nn DMaas as raadil; 
«6 in the braiu of the marsupial, äbown in Fig, l!3. SevrtUMitm, Zmtitr- 
handl ha» sarcceded id df mnn^tratioir it« rxisteiwe in an f utiirlr ntiafarlorjr 
maUDpr, and this whollv independcoll; of the more ncrni. oompatatin ana- 
toroical ctmsiiicnitiont^, lie has namnl it the aj^orfory frimitii of the form 
Ammonis. 




Fig. MS.— UMltan Mgittsl »^tion tlirouitli üi» bmin o( a c«U. Tb« lobiu 
limhiou* U aboMn somewliat lig1it«r. 



Tbe greater portitMi. nt all «vpuI*. «jirins« (r^m the m«iItillN «f Ui« tAtimUirf 
Sftlil. Ttie large tract of fI1>«rt «ri«^ nn thr imiirr sldp ol the hrain In Dig crirtcx of 
tba oibrton,' «rM, then lunm nvn- tliiü tnuunl tlir in4»ltnn line um" fig*. 141 «nd 
144) «11(1 insM« uloriK l«ti«ntlt the gyt\u »uUiallwu» tF[|r>. 133 and IMt doraallj-, 
np I« (hr «rptuni pellucid u in. In Ihr «»plum ■ |uirl nl ihc Alwn dtuu niul iiBolher 
pnrt itocn dir«ctl>' backward. Beth bufldlM. r«unil«><l. meet with tit* fornix at Ui« 
poM«riar tnirgin o( tlir ««pluin and run fnrthrr hnvkwnril In It as Inr n» thr medulla 
of tk« «ornil AniBionio. 

For thai which (ollflw*, coin|)«r* Mjimnll^ Fig. 14*. 

The olfuflury loW «nd the olfflctorr fic!«I hove, in the main, received 
th« afferent tract*, the olfncion*- nerve pnthwnya of tht- second order, from 
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the bulbiu olfactorios. It ha« beeu learned in tnirlicT cbapten that both of 
thae braiu-part» arc eTcrvwluTi- pn'M'ul. from the lUhes oii upward. 

Thi' Inbus pyrifamH« nnti t)ic i-4>niii AimiKmis iin-, imkitl, jutrl» which 
are connected vritli the olfactury apparatus; uvvcrlhclcse, they arc charactcr- 
ired I'V thoir slruciMr*^ as inimcutf *<-f»4r«lc tvrriloriw trhieh arc abf« of 
thoiiui>h (•»: to bring about Mu' iiioät manifold atwociation», «te. 

l*hcy art> most probably the cortical anas of $mrU: their xhtv ]irg& 
devcIopni«ul also argu«« in favor of this. 

Let M now examiny mure ctoxflv what tract« iher receive and what 
othcts they give origin to. 

The cortioil an.-« of um-11 rti-i-i^f» iU tnittif. on Iht- oiiv hand, t1iroug1i 
tlic olfactory bundl«: on the other, tliroiigh Ihc Sbc-n^ runninj; eiijKrficially 
ta the layer of tangential BbcTS. But what traet« doe« it send out? Thcao 
colloel at it« mesial edge as the fimbria (Fig. 1-13), and then \m»i toward the 
anterior, it is mjou rvcogaized that ihey belong to at least two difTt-renl eye- 
tein». A large part separate« at tHe anterior end of the g^mu tiippocanipi, 
and even »miewhat further jKMteriorly ulau, and pauses over to the eornu 
Ammoni« of the other side. TlicBC connecting fiber», in their entirety, are 
called the pgalteriutn. 'ffaese are the mcvially- lying lil»er«. From the more 
lateral liberB, however, another bniidle n o-'Ileotc-d. Tracts, direeted for 
the moat part longitudinally, here [»tUis forwnrd and run for a short distance 
neit to the olfaetorr bundle, entering at this point, bnt soon leave it again 
to paM bavkwurd in a dounuard-ttireeted course. Theie are the fornix. 
It enda near the buw of Uie brain i» ibe Lxit-pu» maniillare and atn» in the 
opposite tbulamiia. 7'iit fornix is €en*ninenilp that part of Me mrdulla of Ik« 
0t/rug hipptxampi u-AiVA, not ustvi for rommissurfs, cvnpfcts tltis mtdalla wilh 
Ike inleri/rnin. With Uie "df»cvnding fomi,x." an that part is called in con- 
tradistinction to the bundle running longitudinally forward from the cornu 
Ammoni« — the "««endinj: fornix'' — there ie aseoeiatwl, however, nnother 
tract of Übers uhieh arises from tlml port of the marginal gyru» that in not 
inroMed to form the eornu Ammonie. the g}'riiB liiuhicua. In order to ifacU 
down Co the fornix ilH tracts mxist pam thruugh the corpua calloaum, which 
always covers over the venlnele in maminal». Ilie bundle is called the 
fornix hngua. Its fibcn> »Inny» lie just under the eorpu« caltoaum nod an- 
teriorly, forming the nrnt^t m<r»iul bundU>» of the pillar of Uic fornix; tfacT 
pass dovn vitb this to the i>ottom of the inlerbroin. 

It ia verjr- prolwble that the degeending fomii, as well a» the fomiT 
longus, riHYtves in its course flben from the uppobite olfactory cortex by 
wajr of the iieallerium. 



]n the «nftllor in«iniBiiU tltp r»)atlo*t« nf tit* flmbrin and ltM> pultorinm. n« vtt\ 
a« o( the fvmU, are better kaonn tlinii in inaa. Ttid la brcauar^ on the nnv li*nd. 
tktf arc relulvply niucli larger «Irnrlurni iu th» mbmUc aniitiali Invwiiuniri) ilitn 
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in mftB; on lli« other, becitUfle fivMnt, with n iiiH>ilvrl;i' lutiid fur «^igicTiinetttatioa, 
«*u abl» to tbTow abtindant light on tliii vrry rvgioa of the BiMtomy ol tlie fornix 
\iy txfMiatthiM nn «ninuil». 

The furiiix lotgtua hiu hem dcman«tnitAl En nuu imly rwcfatly by KBtllkrr. 

In tmttf ol tha iitiiilltr ftnimala tli» Slier« of llii* jnuiltvrititii. the dwitUAtlooa in 
1^ tl)B dcriiMAtioa «( tho fomii?)?« longi, nnd the crnrn fornivls at tlieir tunüng- point 
into th* *I«|>1h* ot lhi< cviilrni gray nmUiT. figi'tliFT forni n tingir thick mitm. nhkh 
luu bton dMigB«t«d a» tb« mrpu» ft>r»M4. 

Tbc olfactory lobe and the bippocaoip«! lobe poueae, in addition to 
t}ioM mentioned, a n^imlxT of tr«rt^ tliat nre fitted to connect tlicm with 
one anotlior or with other rej^itms. Thiii« then> ninü dorsall; on each side 
of the Dipdinii linr of thv coriitis ciillnKiim ntong its entire length a delicate 
hundh; of lar^ fibera, tli« »Inn Imi^UmiinaJia mr^iaViA, which, ariniog in the 
iloml regioni« of the hippocarapal cortex, cuire« down anteriorly over th« 
corpitfi calhisum and radiates into the aeptxini ]>pUucidiini. Then it is known 
that a long bundle, the cingtilam. runninir in the cyrua fomirfltiis wnda 
tnvta into the olfactory cortex, aä well aä into the other part« of tiiu mar- 
ginal gjTOB* 

All thetie tracts belong to th« rortical renters of the olfncinry a[i[tarattie. 
There are, howfver, (.'on ncrlions U-twi'i-n ihi- iil/actorj' apimralnn and Ih« 
inierbrain which tntiat bo very important, lM>cAiu>e they arc well developed 
in ull nnimal.'i. rven in those withnni ii cerrbnl cortex, and are CTcrvwhcre 
drmonRtrahte, \n order to unden^tHnd them, we mnst return again to th« 
medulla of the lobue olfactorius. It is known that this arises, for Ihc most 
part, from the bulhus. Posteriorly it continues directly into the medulla 
ot the olfactory field. W'e liave already become ac^juaintLHl wiih one con- 
necting tract of Ulis "detp ^factory medulla": the olfactory bundt* to the 
rntf Ammonix. 

Th<' olfactury mv«lulla po«s«cii«« at least two other connections. One 
of three tract«, coneinting eiwntially of fine fibers, run» backward and can 
be followed as far as into Ihc region nf the cor]>iis mamillare. In its conrM it 
miibt paa« through the most ventral regions of the corpus striatum; but it 
receiTea no fibers from this — as has bevu supposed. 

Certain o4 thrtr flbcnt pn>i-i<ed »till further joMleiliwly, «■ fnt aa inta the n0iMi 
af th* frangllan intFcjMduiwuUTr ; prrkap« into tbo MM alM>. 

A »ocond tract, originating p«pntiiil!y from ihc Intcral parts of the 
mr^lulla of the olfactory area and puling itiroitgh the forepart of the thala- 
miu, ri»e8 to the inner «nrface of the Tontrirlo. and passes along thia, back- 
wanl to the ganglion halienulip. It is the tirnia Ihalamt. 

In ■ dog''« brain, in «hich Ui»- pnlirv «vr^hral (»rt*« hai) l*Mi rnnov«! ci|[HtMi) 
BMWiha bcfor« dMth and the nitire ndiallnn from lhi> mantle «aa wanttnf aa a 
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conMM|U«Bni, ÜI» eort»x uf the vlfHCtory nie» alotie rcmainvtl intact. From this, tlie 
ollactory ladinliou v«u)d be traced backward vcr>' c1«arl7 and distinctly to tJi« corpxi» 
Dixmillare and upwant as llic ta-iiia tlinlaml to ttir ^Uflion haWnulM:. The libera 
tnu»t have thHr origin in lh* ulfnitöry field il*plf, for the t»i»lii wu« not 4egen- 
tuvlnl. ullHuuj;!i thu fiber« hud luviduiUilt)* bwu Uaiily lujurcd jiul in froui of tbs 
ganglion habentiltp on bath eidea during the o]>«mti{in. 

The olfactory fiber» hsvi? ilitis bppn fo! loved, on th« one hand, as far 
a« inlo the cerebral corU.*!. and. on llu* other hand, as far IS tnto the ganglion 
IiAboniilH! and into (?) the eorpii« mmiiillan.'. It will be seen, Inter, that 
still other gituglia of the muihrain «ud intorbrBiu stand in iutiniate cooneo- 
tioii with tlio»-- tranglia. 

Id luainmal» {Lofheissoi) lihers from the fornix also mix with thoee of 
the ticDia Ihnlami, i^xactly as in roptik*« (see nborc). 

The entire olfactor}' n])pflr«liift thii« appear« as a htige complex of 
ganglia and bundle» riiiinin}! Ihruiijfh llie greater part of the brain. In the 
subeequeut chapter« its »«parate parts will be conslanil; met with. 



It has been seen that a not inconeidera'blo portion of the surface of the 
brain owes its perfection easentially to the development of the olfactory «p- 
pamtiiK. AH the gyri and traetfl belongin;; to this are constantly domoo- 
strable in thi> samv place and In a similar relation. 

The development of the remaining portion of the mantle and the iiB- 
siircB miming in it is much less conslJUit. You will remember that the 
development «f the brain is limited by other factors thnn those of the 
cianiuni, that the pre&eoce and the course of the fiasuration is determined by 
the resultant of at least two ditfercnt developmental tendencies, as has been 
explained in the preceding chapter. 

Fissures that are dtiep and long iu man may be entirely wanting in 
closely related animaU; »then, only suggested in man, are at limes well 
devcIo]ied in animals. 

In sumc manmiaU. the llscura Sylvii, for example, one of the fissuree 
moKt frc-(iucntly prcBcnt, is not present at all or indicjiled by a shallow eulcos 
only. Th« other sulci may a**iime the most variovie directions. In jfeueral, 
however, it may be recoguize^l tlint there «ro to^gentially three principal 
direction«: lissure« running parallel with the longitudinal Tis^ure, sagittat; 
fUeure« curving around the Sylvian fissure, fi^gtira arcuatm; fissures, fimilly, 
of a more nr less verltrallif nweiiding type, fiss^iinr coronala. In the htiman 
brain the central buIcds is a good example of the last; saftittal sulci trAverw 
the frimtal lobe, and arcuale sulti surround the Sylvinn fisciire in the tem- 
poral and parietal lobes. It is precisely the vertical lieeurcf which are in 
moBt case» but feebly developed in animnlü. On the bear's brain (Pig. 145) 
the central fissure is certainly relatively lonjf. Make use of this well-known 
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fiaeare, in ordpr tn fRrilititc the coinjurivon villi tht> huiniin (»min. Th« 
frontal luln-, h*ii)^ in fniiil nf it. is nwn to Ih.> very innch It?^ d<>ri?IopeiJ thnit 
in Fig. l.lti. It is (liflinill to homologizt the frontal »iilci. Tlie «ntinl 
Abbuic runs more reiticHnj, |ini1)abljr un account of tlie imperfecl d«Telup> 
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Fig. 14A. — ttnin u( a t)rar, Tli» Iront«! lobe 1« ihadol. iAtin Tiirnn-.) 

ment of th« irontal loW; likirni«« all llic pnrt^ l>'inf: behind it tn, in & 
iiiLiipm^, pushed upward, the fiwiirn Sylrii standing aim«** vertically. Xt- 
cttflle fiflsiires etirround the fiesnr« Sylvii, on u-hioli, upon Dompariwin with 
Fig. 130, a similar arrangemtfni is readily recognizeiJ after a monieut's con- 



Pig. HA.— Brain of tbe nanrhal: Jfnnodnn mOHocrnM. (Aftvr TuniH.I 



Kitrriition: how these pasa over into the temporal mid and the interparietal 
fiesure, 

The Kylrian Sasnre ie more rertieal in all animal brain» thnn in Ihat <if 
i; it i» more homonlal the more the frontal loW if de^'etopcd. It ia 
"eommonlv relatively nhort. 
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In tlie vpriflhnire «prie« »rnwt«' fissiirp* oeciir more frpqiipntly than any 
other- On the rirMv crmvoluted brain of the narwhal they form the tJTie of 
the entire fieeiiration (Fig. l-id). 

They tre nnmhered. countiiig rrom the Sylvian fissure ont, on the ßret, 
aeoDiKl, etc., arcuate S(»siire, or they are nUo named as: fmsiiw <cto»ylvia, 
"ÄBiura euprasyh'ja, etc. Oti thu brain of the 'Ifij;, whi^-li here follow;', a 
number of these Gssiiriiu) are n^jain recu^iiized from the furin am] the loca- 
tion. At the posterior boundary of the frontal lobe a short siilfiis jiB^ses 
dowiiwrtnl in a verlitral coiime: the ÜKSiira cruuial«. It probably correaponil» 
t» the JtAsura centraliH; yet the identity of the two fii«urcä is not uniliKjmtcd. 
A» WHF mentioned in the swoml chapter, the bniinH o( many iininiuls are 
entin-Iy i-niooth. On others thfre arc found only i-lij-ht indioationi^ of »ulci. 
On many brains — for examp!*, those of the horse and the cow — the arcuate 
type is only distinct in llu> territories lying next to the Sylvian fis*wre— 
toward Iho edge of the brain Ihc fiwjures have s more Bagiltal course. It 
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Fig. 1«7.— Brain of a dcy. The fronUl lotw is ulindcd. 

voold be too mtich of a. digreesion to mention what is at present Icnou-n oon- 
cerning the direction of the sulci In the rarious classes of animnls. The 
ex&mptea given are only intt-ntlcd to illustrate wrtain tyiics and tn «erve a» 
an introduction to studies of your own. 

Oitr knnuInliEP M ifi« miimo of th« ranvolutioiis of lhi> hnin coiaM (ram the 
InvcHlipit.iuiiit of /f«rrfrt<>A (mi^'linii Biirfacfl. f.rnrri, Crülhltt. Urj/nfH icomparalivr 
■iiAloniyi. ItLifhnfT. Eckrr. ana Pmtsvti {<miuiiiir "i"l «dull liniin). Miirrnrrr, thore 
«ant niitiicroiiB invoBti^'ntinn« im «Tnniit» rpgiona of the hnln: on th* gyri ninning 
n«iT tlii^ itmiyii) ■>( Ui(? hrniii br llrjirtt und Zurkrrknnitl \ on the Irontul gyrl by 
EbrfttnUrr and by fJrrrf ■ on tlie ln«ii!ii Ivy OiiMhrrff; (urtliPr. »peiirni« »luilira on 
lh«t <l(^d»pment «ml «"urw of »inpli? fi«tiir«xii hy TtüHngrr, CunHifigham, und othen. 
Bmidn this ut poMvas vny nmiiy monnirrnph« on tli« hmin'SurfAiw of vkrioii» mnni- 
mail: on anthropAjd aj*« by Hinrhnlf, \\'niär\itr. nnd oth*»«: on t^mur« liy Floif*r 
and (Ifrtitis: on wIi«Im 1»y GvJd^rrg. Zithm. ami Riikmthat; on un|[ulatc» by 
Kniep. Etimttnvf*', Tm^bini. »nd .Vrirrlnl: on carnlToraii« nnlmnl« b; lirpnrrt. 




AKATOMT or THE CENTBAL KEBVorS SYSTEM. 

tipUtll^, nn<l «tbir». For recent conipiUtiotu, criUcimm«, aad ciHii]>«riioiu, u-« art 
ta|>t<-Ullf iDd^litml to runter, tfa«D U> Zichrii awl /tüten (An J. lli« uuiuerou* vari«- 
liona from tbo tjrpo dMcrtbncI, u-hrthOT th«r itMy exiät nomiBlIy or oa meoannt ot 
■B*lfonii«Uuii», hnvB romtvcd ooduidcr&Uon frutu moat ot IIm iboire-lucatloiird au- 
thor», tiui iwrtlculiuty from Klchter, Sernov, anil otbora. 

>W til« oIlMi-tiin- aiiiMinitu*, lb« «Uer lnv*«U|[*ti<iai of iTiynM, Gi»n»'r. BnitH 
Letcia. nud olhn>, an the foicinott. The dnrriplioD givm In the tut fallaw« i<et- 
«Midi inve«l)gHUo(i* nuds in cooinoa with />r. Haltitr. Mom r*(<«nt imjiorlAtit r»- 
Muchea cuuw from KOtUter aiul fraiu iÄumirivf «"drip-iHrmiim" cxpetinwnX»*- 
Kiiully it iiiu^l be eiii[iliaR(ied *l this {Hiint that, bs tJte exi-ellent Invntifnllun* of 
BUiolt Smith »how-, the brnina ot th« niantipiuU *nd th« moDoUcoin preMat mpe- 
«tally rlBBT und wmpla rolutioni for the vgdU«! idhvtory a|>panituf. 

A pernwl of 1h« n-ork of thU liivcitlgator I» parikuUrlj nfaniin«nd«HL 

It doe« Boi tic viitjiiii tlir M-uiw of llii« t«xt-lKN>k to iui[i>it1 the Ht-k alure u( 
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Fig. 148. — '£!»« }iroj«ct>Qn «m» vl th« cttrlex at (»«»rnl kitoAti. 



toclj «MW«mi»|; Itio function* of Ibe Mpurjilc pnrlt of lb« brnin which patbolosy ba« 
■K«rtMlDrd. Tbc study uf the fuootlon tit tli* cmbml rurtcx ie »till cnUnly in iU 
Infancy, hikI I> in iiowi«* cotirlud«!. 11 niay 1m> Mtid. in p'nfrel. that more b pod- 
UvWy ItR»«» about man (ban atKnit anijuub evncrmitit^ the |ih«-noti>cna ucrurMAg 
afm injury lo iti« ivrlei. The liiliuntng coonjiiirhrmls a »bntl mmniuiy only of 
th«iM »yiiiptoniit — 

Itijurif« that Luvuh-c thi^ numial etxurtnir and tlic nornuil fnui-tion of tJi« c<er»- 
bnl eort*x pmclunr. In man. dtllrtcat •rmiKoo». aecotdltig to tlie pta«* «lier« Ihrv 
n>« locxlcd. I'p to ill« prrwiiit time, »ever«! hundred («rernlly obaatvcd «»m of 
(liteu* of the r«iebnil cortex liarr hrm Icnuwn. and, by «tm^t\as ibra» «illi an« 
nnolber, Iba follawlng mnfluMon« may Im- airivMl at; — 

&lolur »ytnploiii* «( imlMtion (fruin the twiUhins ol a »ingli» nuM-k up to 
•pllajt^l Riny nrlie fron any point uf the cewbial cortex. Thvrr ctiaU a «on« a( 
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Uic bralD. embracing tb« twQ «mtnl gjri. kfUT diMAtc or injur; of wbtch disturb- 
«iH«a ill ■iiutUit}' alnuMt ftlnmv» ■j)pmr on Um ojipuülc «iiie of tJhe bodr. TbcM 
dlsturlMiu«« are divided isto phoioiuena aI tifiuiioa uid ph«noniMiA of degeners- 
Uoo. The sjrmptoniB of iiritatiun an expressed b; spaanu ur eoanÜBve morrnientA; 
Üiv cymptonw of d«'gi>iH>nitkni by ■ won» or 1MB bigta ilKgrM of iiubtlily Ui act iIm 
muKlca in motion at «ill, oltentime» only in a mom of wmknen, or Vy awkvntnt- 
nua in executing complicated raoTemetttB. 

From ftn afvtirMt« «nalyiiifl of Ü\f knovm («m« of dlMM», it Buij b« sUUd that, 
ia diacMe of the nppcr part of butli i-rniral f^-ri and of the paracentral lobalcw Uw 
motor diiilurbaBecs nuiifest tbeni»etvei prepondeniBtly lu the leg«: tJut. if the 
inferior «nd of the Mnlnt gyri ia involved, the rcgionB of the JAciali» and th« lirp- 
o^oaaus arr alTn'led. and lliat inulur ditttnrliaiii'vs in thi^ upper uircuiity Kapiviallj 
■Mj b* produced by dtMWM of about th« nJddl«, and ■ portio« of thr npivr, third 
of tlwM gj'ri. The acporntion of tiiv "crnttfrs" from one Hnotb/r is not a distinct on«. 

Complete dcatrufftlon of »poratc puta of (lie eentral gyrt may lead. Im man, to 
permanent parslyMa of the rnusdea connMted with Um«* parts. The paralysed mas- 
clea almost alvrays tail into a ttntc of contraetorc^ 



»"?_ 



^Sf 



/ 



*T^ 



f^' 



J*^ 



Tig. HS. — Tb« cortical areas, as far as they ar« dnnoiistnblc by 
irriUUon. A, Cat. B, IlabbiL (After Mann.) 



DIsMses or Injuriea that Invutre the cortnc of the left inferior frontal gyrus or 
tbe left iosols generally lead to n nture or Icm complete loss of sp«ecli. allLou)cb th« 
vocnl organs may «till be normally innrrvnt^d nnd the pnticol miiy often prrlcctty 
understand all that is said. It appears that the ability to understand wliate%-er to 
saiif even iii a loud voice is lost if tlic superior temporal gyrus is afTccted. The 
tUlily to comptriirnil rr^iliiijt lio» (>«■:) rept-atedly seen to Ixr lo#t aft«r Isaions of 1h» 
eortcx ntiiiit«] bet»eeii ttiv apt-x of the ocripital lobe and lliv pwilerior end of the 
Sylvian ßsmirc, Peihspa deep tracts are here involved, and it ift not a queatioo of 
cortical lorn Unit ion. 

l.eaiona in tlir n-xion of the occjpita] lolic may lend to dislurbann; of viuon, 
nnnlfeated as a dimnras of vision or blindnea« od the outer side of the eye o«i the 
affected «idf! and on the inner sid^ of tho ot]ii>r cy*- inv hrlow). 

The pmrrvatiAn of the runeiiH apfienn to he Mpecially im|iortunt for the «OOT- 
preheanlon of what ia seen. 

SenRibility rosy slso eulTer from affsdione of the cerebral cortex. Feelings of 
Dumbnen, heaviiitiM, and insrkod distnrluuipss of tlie luuwiiUr sens« «rs frequently 
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obmmd. Aa « nil«, tli« «cnM- of (oudt nt Hrot Hpi>««r» to b« hliinted m Tat a« thft 
Jadpiicnt of what ia felt cuntcs In iimtitiun, kul vcrj h%1iI ■Itmuli nmj b« rvcog- 
niflod M tactile irrilinU i( lliej- are of a very ■iinpl« tuture (u touching with ■ 
dovKjr fMtJwr, ucedlepoi&t, e1c.)> Arc*« of th« ccrebnJ cortox frgtn wbick dwturb- 
tace» of scnjibilitj >ri*e more fnqu«iitly tbiiii Irotu IcAion of oUim^* or« noL deHiiiUljr 
fcnuwB. At *1l evMil«, nuch diUurban«» maj- appeur alter tosiana lilunt«)«! in the 
tmiloT)- of the central gyri oad their origbborhooit. It it very probablr thut l««>i>n» 
d( III» («mu AnuBonii, poiliaiH of tli« ranalning parta at the maigiiwl gyrus alao, 
tna>- jinxluc« diaUrbaec«* in tlif Mn«« o( «mGll. 

Tbc paialjsn that ariir (rom «ITcrliooa of Uir ci-rrbral cortex alone are nctver 
•o complete «a thoao produced by the dwtnictloti of the peripheral ncn-ea or their 
IfToxiiual eada bi ih« »^»inal coid. In animals it la gcncnUljr Uupoeaiblc to i>btain 
pvnnanvni |iarKl;aM bf IJie rcinoral of th« rortax in lb* motor zoim. or the mnoval 
of Uie entire portion of tfc« brain that contAiu thti ton«. N«s crlhctca«, u|iun IrrlU- 
lion of tiri-um>crtbed artu of tlie cerebral cortex in Uick Mine aninula the auiie 
tnUH'lM may nmr); alna^ be mad« to oontract (rom the aane cortical ar«a. 

And wfr, baring l)«ct>m« icquaintcd with tli« locatwn of the cortical c«nter> 
in uiai). let ui caat a glance nt the IlluttraUon* ahoun In Fig. MO. They abou, ac- 
cording to tlto «xiJeriineiil* •>( UanH, what part« of th« auriace of the maiRtnaltan 
brain are at prewJit known (o havr a litttiiit« function. 

This lead* na hack to what v.-aa wld in th« twelltli cliapter respecting tlie »if- 
ntficanet of the manJff a« O coUtrttom nt ImffrttfMoI ty-nlrr« and nrea» Qf atmxUi- 
lUm. It i* immediately rnciigni/4'il that much tliat ia found in the brain of Primat« 
la not |>rewnt nt all in the lower mammals, or is so amall as not to be demonstrable. 



For a better underatatidiiig of the physiological statu« of the mantle of 
the bmin, considrr ngtm vh^t was presented on page 173, and, moreover, 
ncoUect tl)4- »[terimeiits of Ewald, mentioned on page 44. These shov 
that many things arr* nocfscnrj' for the onlerty execution nf the acquired 
moveracnU, and that, «here lesions eitst, one factor or another may occa- 
nonally componMte for whnt vaa tost 

It may truly be mid Ibnt the mantle of the hrnin tncr<>aAPK in mass ae, 
Mcending in the vertelirati- serits. new centers are e&Ubliehcd in it: cortical 
arta* that are concerned in the execution of tnovemente for the inhibition, 
r«cognilion, and interpretnlion of »nsory impressions, and, probably in • 
targe measure, for awociatinn aUo. 



CHAPTER XV. 



Tue Cortex of the FoBBBRAtu aud the Mbuitlla op trk Hkui- 

SPHBREe ; THE COUXISSURES AXD THE CORONA RaDIATA. 

A OEKBRAi. eurrcy has nov been »llain^d of the out«r form-rclationa 
o( the brmin. The preeeul clmpter is iuleudcd to faniilisriüe yon. with the 
etnictitre ol the cerebral cortex and to give an insight into Ih« mode of con- 
nection of the cortical regions with one another and with the deeper-lying 
etructurc». 

The finer etructuie of the cartejc is knoirn in its element« onlj. Knowl- 
edge of th<? combinatione of thc«c elements with one another ie etill wanting, 
and therewith, unfortunately, a proper understanding of the anatomical 
ba»i« of the great organ of the mind. There is hardly a doubt but that the 
cerebral cortex, as a whole, may he regarded as the plac« where moat of 
those cerebral processes take place which arise in consciousness, that it is the 
e«fl1 of memory, and that the roluntary acta proceed from it. 

The entire hemiephere is covered by ihecoriex. Thia has not, how- 
txtr, eiactly the same structure everywhere on the cooTexity. Even if ti 
I «Tt of fundamental type cxidt», greater or leseer differences in the layer», 
ir which the ganglion -oella and nerve-fibers arc arronged, may, neverthclef«, 
be found, depending on the region of the brain inve»tigated. One cortical 
type never passes abmptly over intn another. Inasmuch as the significance 
of these anatoiuical yarintions is not understood, one region only, the frontal 
lobe, will be coneidercd at present. 

A dense net*work of fine. me<lutlated fibers, mostly running parallel with 
the surface, lies close under the pia, but is separated from it by a thicker 
layef of neuroglia. It is the layer of tan(]enliat fibers {Kig. 150). Cells are 
dialributf^ in it in relatiTely-emall quantity. Directly beneath it, howerer, 
WgiuR the layer of the pyramidal »lb— <-ells distinctly typical of the cortex. 
They appear first as a layer of numerous «mailer eleraenta (2, Fig. 150), 
which pasaes orer into the laptr of the lar^t pyramida (3, Fig. 160). All 
of these cells send their dendritcp toward the üurfncc of the cortwt and in 
TariouA other directions, as the apical process, lateral proe««6e6, etc., and, for 
the most part, send their nexiraxons deep down into the medullary layer. 
Thi' layer of the large pyramidal eells in the frontal and parietal lobes is the 
broadest in .ir-rtinn of any of the cortical tayers of these lobes. The in- 

(227) 



s»& 



AHXTOMY OF TUB OSXTBAI. NEBTOCS STBTCU. 




I- c^^m" >J'/<- :-vi 



1 Jfc. '■ ' 






■■■\ 



dirjdnal cells ar« liirj^r 
and tlicjr apicul proc- 
f*6tfi longer, the further 
the cells ]ic from the sur- 
face. The fourth layer 
of cella, lying beneath 
the Urge pynnnids, ccn- 
fhU again ni smaller 
c^IU, not iinifonulv di»* 
tributed. They ar« 
M-edged in between the 
radiating masses of med- 
ullated fibere paising 
into tliL> I'urtei. 

Besides the prramidal 
cells menuont-d. (here ia 
ecatti:rfd in All luycra 
of the cortex u large 
«{unntity of «mailer, 
potygnnnt cell», the ncu- 
rnxonii at which split up 
completely very eoou 
after leavine tlie cell. 

In Pig. 150 these cells 
ap|H>ar as numeroiu, 
clear, polygonal struct- 
ures lying overywherc in 
tlie ueighborhood of the 
py rum ids. 

In order to become 
ac<]UDiutcd with the lii»- 
toIog>- of the cortei, it is 
m-ce^wiry to employ^wv- 
eral methods. Kaeb 
«how» a different pict- 
ure, and only by com- 
bining these if there ob- 
tained an accurate con- 
ception of it aa a whole. 
Siuce a small p«rt only 
of the celU is visibl« 
in Fig. 151 (loft side). 



OOBTBX OF FOItEBRAlK ASD JIBDL'^LLA OF lIBUIi^PllEttKi«. 



a section is liere ekown in FJg. ISO 
aeciiratclv rcprojuceil bj Xi»sl from 
an uhohülic prepamtion. U may be 
of Kood u£v lo you in practical 
work. 

TIk' Tncdiillarv rays separate, on 
reochinjr Ihp cortex, into numiroiifi 
fine tracts, and ihwe become grnduallT 
lost in the more superficial layers ol 
the cortex: that is to say, become con- 
nected with tlie ncumxoiis ol the ci'lls. 
Besides these tracts, Duraerous other 
medullatod nerve-Chors »tc seen in the 
cortex. Until recently Ihe origin and 
destination of Ihcse fibers were entirely 
unknonn. Lately, however, the in- 
vestigati&ns by Gol^i. MaiHitotli, and 
especially by ^. Ramon y Cajal, have 
acipiainted us with n great numbor of 
new relBtiiins in the cerebral cortex; s« 
that it nuw appears poKsibte to consider 
the separate elements in thuir various 
combiufl tioiis. It is true, most of the 
facts liavc been rvcojruized on the ccrc- 
brnl cortex of email manimaU, and a 
few only hove boon confirmed for man, 
Th«?, much work still remains to be 
done. What is known, however, takes 
UB such a good step forward ihat I 
must impart it to you. In order iJiat 1 
might make my description brief. I 
hare represent^^d the most important 
discoveries combined in a single draw- 
ing (Fig. 1S2). 
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Tfjr. ISI. — Section tbixnigh the cortex of a frontal sj^nn 
rrproducpd from a preparation «talnMl with HVtffrr/'» hituatoxylln. th« loll liilf 
from pr*p»nition« mrntp by flotffi'i mhYttaatv mWliml. On th* riglit 111» flb«n 
onir nn to be nrrn; on ttic Itft Ihr crlU only. Mvn eelh are present than ana 
■hown In the dmwlng. Slat^ llio «pfl««« amund \hr r«!!* and Uirir jitommm 
an» Ailed bj Ootffi't nivthod. tlitr»« app««r I« hv larKir limn Hiry rwilly are. 
rnfiifirnfffll/iArf-n. Tiiiicpntiiil IHmth. Suprmnliiity* fln-hfirrrk. fitiiiniTniliBl net- 
work. GmnariMber Streif, Lin« of Utnauri. Inirrraäiarrx FletAltetr)!, Inler- 
ndial net- work. 




Kig. iK-SccUoii Uirouiih Oie wrebriJ cortex o( K mntniml. tComhiiKHl 
IrwBi prepfttBlion» by S. Riimftii y Ciijit) 
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Tie out*rmott l^yer conUini numaouH narve-flbeia niDninfr. for the raott port. 
In a. tnngantial diiYotion. TIimc ariw from gmngUonk' calls (n, b, and c|, All of 
which jioxwM ncvrm] nvumsou». «nil ttuni »null futiifcinn celU id) of a derpi^ layiT. 
Two kind« of cleiiieniB eiil«r ihis outeriüüaL zone. Liirge fibers (rj , muetl}' weil ill Uli'il. 
which poM into the coitax from the incdullarj laj^cr, »to trnctd in tlivir outcrmml 
nuntficatüniB iut<o thiM layiq'. Tiinjr miut »rittiHnt« Ituiii uHiiulionic cellH tlmt Im 
In Other jiArts of the brun. The calib«r of th« Abera sp^iilc» ««pcci*lly for n dUtjini 
origin. Tlien the deudiitea of the more deeply sltuutcd pytamidi] «11» (f| end in tlii» 
layer in danto, profunn ramifimtionii. Nunirroiu Hno M'l-undiir}' tulg». lonultuiting In 
little kuobs, pivjuct from ««uh of IIk; «maU VmnvbiM. The rmuiAvMlion ia »« itnmt 
that exceedingly abundant opportunity I» nfTord«d for lli« rontact of th« drndrilr-« 
of deep cclU with ainitUT dcmdritea and the neuraxoi» of cclU lying in this loeality. 
Even the moat ilarlng phanUtay of apeculalhe jMycliolo^iiia hae liardly allowed Itaelf 
to inugine Fuoh an tibundanoe of poMibI« cumbi nations as hna hnro bmm nvoalod 
of the dendrite» wiUi neuraxoni of cells which have very difl"«T*nt loralioiu. 

AiiJ, inureovKr, every cell ia, and reuinini. an Indvpendvnt individual, not here 
only, but everywhere cIm in th« cortex. IJireM union ia nowhire recogniMd; con- 
O'CCtion by oontart nJone b obeer>'cd throughout. 

Thn Iay«r of ainiill pynmidal cdU liea under the layer of tan^enllal flben. 
It paaaes very gruilunlly over iuto tlie luyer of the l«.rgt pyrnniida ($). The neu- 
TEXOna of all thete velU pau In a diredion toward the tnedullary layer; they give 
oflT numfroUR eolUtciali. Many neiiraxun» dlvi(!(> near the medullary layer intii a 
hortr.untul and a dcaeeiidintf branch. Kruni theiM* flbere axi»c the tracts which coa- 
n«ct the cerebral cortex uiih deeper-lying o«nt«ia and uhioh connect distant evrtical 
«enter» with one another. 

The ileiiilritp« ratend a Rtealer or lea« dtatanc« out toward Ifae periphery, and 
aome of them end only under the pia. 

Near the medullary layer, beton the well-drßncd pyramids, lie uumcroiu brtg«* 
larly trinngutur, nl«> unall pymmidul. I'plla A» regard« the course of their nra- 
)axoiie, aa ^tell a« tlu-ir dendrite«, Ihcy are analog«»« to Ih« pyramid*, but they 
prevent more irregular form» and a leva drnae ramiflmlion. In thin deepot layer »le 
found numerous multipolar cells iff), the neiiraxona of uhieh may run in the mcMt 
various dirrctloni: horiiontnl, necendiDg. descending, etc The neuiaxon b always 
eharartrifi-d by thr fact tlmt, altei u iJiurt courne. it brnakti up inlo a wtdo, com- 
plil-iited nrburiuilioii, the iFTiiiinal fibiils of »Meh all end freely, .Moreover, üucb 
CcUb are alfeo present in nlmosL all of the other layers of the cnrt4-x. With tlieir 
aztensive Tamifimtion, they are u-ell adapted to connect othi^r cwUgroups uilh one 
anoUter physiologically. 

The inntimeralil*' netiraxone will) their cotlnterals and the numcmtis 
ilbers pausing into the unrtex fruni otht>r {>arls of the brain togolhi>r farm, 
I Tould he «xp<>r.'t<><1. an extrann!iiiartly dense net-work. It wait only po»> 
Rhle to iintanglp thi.f conijilex thnmgh the happy circtimslnnc«* that th« 
method of Ool</i nlwavH iinpregiiulfs, nt the raosl, relatively few eelle in any 
one eectioD. Tbe same net-works of fibers, aa shown in Fig. 151 by tbe 
myclin-staining method, may he dcmonätnitcd with the staining of Ihe cells, 
but in the latter case they are much mor« compact and solid. It appear« 
that the neuraxons of most of th« c«U3 in the cortex, and the enllatLtols^ also, 
which arise from the neuraxona of the pyramids. pos«v«a a medulla^ 
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So long as we tiv imublc cnrrtetly to name all of these fiber« iccording to 
their function, it viil \io BilvantHf;couts fur the ealco of cleAmefis, — 0.9., in 
iDvesligstions in pathology, — to introduce provitional nam» for tliem. 

Let lis dtetjng\iish (1) the radii, mcdullflry rays; (Ü) the intemdJal 
net-work^ ooneifiting mostW of flbcrs running parallel with the exirface; (3) 
thi* euperradinl iii't-work, and (4) the tangential fibers. Atong the botuidaTT 
between the supenadial and the interradial net-works, the latter becomes 
greatly thickomil. This layer, rvpiywhere inaihle to the naked eye a« a 
white line, Is so much thicker in the region of the cuncus that it ia thvrc 



4 3 e 

Fl)[. IM.— 'Tklve crrtlon* thronfcli the mrtr« of tlir »ntrrinr («ntrst g7nu. 
A, Vntm a child I V* ye%n aid K. V'tata n man 36 jnin ahl. V. Fron ■ tiiiti 
of U yrar». U>-«lin «IMiiiBK. CuiitrulB have slioiMi tliut Ihr diffcrcitciT» rtc 
i«MiHI>llj nrvuLonnl lijr ih« age Vi4 lh*< |in*Ml>ilitv that « dlUcrcRL «inounl of 
UM «I Ih* cortical r*gion utiJcr dtocukiloo nujr luve wAA*A In 10»» At^r» t0 
Um dilTrmicv nnnol tw wrttouked. <Aft«T Kan.) 



very easily reeojni>>!'*^- It is desi^nialod as tlte lin* of Gtnnan, or after ita 
later de^erihen as the /in« of Baillarytr, or the lint of Vinj tFAsj/r (in the 
cuni*nB partiruUrly). In the ocdpilal lobe, hovevcr, the lino Ilea aoioowhat 
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deeper in the third layer, nearer to the fourth, and not so high up as Is shown 
for the frontal Inbc in Kig. 151. 

The niediillatefl fiber» in the superradial net-work probahlj come, for 
the most part, from fibers radiating into the cortex from without. It is very 
i|iiestioTiable whether ihc cells with ihe short, branched neuraxons hare 
medullated procewcs. The hue of GetitiGri is formed entirely by the col- 
laterals of the ncuraxoDS from the pyramidal cells. The interradial net* 
n-ork L'onsi-ilÄ likomse of the eoIlateraU from the nenrnxo-n« of the pyramidal 
cells, anil pcrbaps also of the arhnrization formed by the celts «nth thß short, 
branched neuraxona. 

It must not b« expected that these lines, etc., will be found xmiiormly 
well devüloped. Disregarding ihe fact that they are variously well defined, 
according to the tone of the cortex, developmental investigations also show 
that very coDsiderable differeoces may exist according to the age. Probably 
it will be proved, when we at last recognize a ßxed type for all the part« of 
the cortex and all age» of life, that deßnitc relations exist between the in- 
telligenei? of the individual nnd the number of fibers in hi« cortex. * 

Tlie discoveries of Kuex along these lines are promising mach. He was 
able to show by means of numerous accurate measurements that the ctr^ral 
cortox increases in ricIirirM nf fiherit far a long lime, evtn fo ihe forlirth yeor 
av4 longer. Tracts come particularly under consideration that pass along 
«ithin the basal portion of the medullary roya in a direclion parallel with 
the surface, fibne aicuatse iatracorticales, and then tracts of fibers which, 
lying within the Riiperradial net-work, follow closely on the layer of tan- 
gential fihcrs. Medutlation occurs here very late in some portions of the 
cortex; so that a \'ery pri-nt part of the cortex below the layer of tangential 
fibers is grndnally traversed by delicate fibers, .\ccording to Kaes, still 
larger medullated fibers are added to these, which, in the course of years, 
are seen to extend very gradually toward the purfn<?e of the cortex from the 
layers lying next to the medulla. It is probably the fibers of this plexus, 
some verT,' large, which BKhitnw has described and by whieh he caw formed 
a distinct line lying just beneMth (he layer of tangential fibers; BecJittrew's 
line. Fig. 15S, which I owe to Ihe kimlnesN of Pr, A'ti«, illustrates well the 
different types of cortex and at different time» of life. 

As far as can be seen at preaent, these are all netr (viitociaiion' pathways, 
or at least pathways which, only called into use late in life, become mcdul- 
lated at a late period. It ja posaible, alao, that we are concerned with col- 
laterals, which, with tht.' greater demand consequent upon increased aaso* 
eiations, now attain their complete development: the formation of tho 
medullary «heath. It is known that in other tissues also an aeecleration of 
growth may occur, owinp to an increased demand mnde upon the elements. 
Thus, the similar procese in the cerebral cortex »should present nothing that 



«S4 



AVATOMT pr THE CKKTUSh SERT0U8 BY8TE«. 



cluTinlc« from tlip known phenomena. It may well bo imngined thnt man 
create« ufw jiaihwuys for tiiiii^clf by oerelrrat activity* in the eciue that the 
nev formatioii, or the strengthening of pathways alreai]y present, may, as 
ths anatomical liasU. corre«pouil to the increajwd ability tor cjcecntion which 
cJcercising' of the bnin jtroOiK-eä. 

Aa has btfo previouJy mentioned, the cerebral cortex is not similarly 
constructed at aU point« of the aurfac«. The cortex in tkt mighhcrhood of the 
ftsnra eale/irina, for exampl«, i* cbanctehzcd by a preponderance of the 
small polygiimil celU (mögt of which tt*> cloHrcr) and by a relative poverty 
of the large pyramidal cells i^ addition to the line of Gtnnari. 

The conformation of the com» Ammoni» deserrea special consideration. 
Near the- median line at the base of the brain, the cortex first tunu out- 
ward, then directly inward ajcuia, and then corvee outward again for a 
short distance (eee Fig. IM). The p>Tnmidal cella of the gyrus hippo> 
campi, however, du not, as a comequcnc«, p«a« oy«t immediately into 
thofle of the gyrus dentatu». Tliey end, rather, by being irregularly grouped 
together (at a in Fig. IM), and this irregiilnr mnss in thr>D surrounded by 
tlie «emieircl« vi n^ultrlv arranged cell» of the grru» denlatu*. We are 
now able, without difltcully. to trace (be layer« of the eomu Aramoai» back 
to the typiail laycre of the cortex [JJftjneri mid t'sp^-cially Schaffer). Never- 
theleaa, they preoent, in their entirety, eo many peciitiaritiee that Damea 
which thoy reeeiTed earlier are still used in describing them. 

In the accompenying illuatration let lu first follow the cortex from 
below Dpwanl 

Thai part of the hippocairipal lolie upon which the part that is rolled 
up mta is designated as tho rufrirufuni rornux .-Intmonts. 

It is covered by an uncommonly well developed layer of tangential 
(Ibers. the reticulated arrnngement of which is apparent even in the fresh 
brain. Many of theee Abcrs, traversing the entire thickness of the cortex, 
appear to extend into the medullary layer of the convolution. At the place 
when* tho tnrolling bcfftns tho layer of tangential fibers becomes tliinner, 
but it ai-ct)iiiiMirni<«i Ihu (•nlire ffv'rus faippocampi rnrlhcr and lies, as a glantw 
at the figure must «how, directly upon the cflrtrx of the gym» dentatus. 
Tliis also pussaasca ■ layer of tangential fiber«. In man it is difficult 
to aeparate the tangential filier» of the gyrus hippocampi from those of 
the gyrus dentutu^i: ihcy fonn together a aiogle layer. Tlie dendrites 
of the cortical cells extend into this layer exactly aa is shown in Fig. 
IS? for tho real of the cortex : oa nnc »dv, tht> dendrite« from the 
cortex of (he deiitatti«; on tbi* oilier, the domlriti'i) from the cortex of the 
oomn Ammonia. A «eoond large layor of mednllatiHi fihnna lie« bencnlh the 
layer of tangentini rtlicr« in thi- n-giim of rhi- irrru« hippocampi. This 
curved plate of fiWrs. the lamina mtdullari» circumrohln. is a. system of 
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■ppeaninc« on «wtion. It has therefore bc«n deeignitod as the itralvm 
mdialuni. The polls. lhfnu.i>lvee, in tlic hardened prefiaralionB, appear to 
lie in large cavitir«. Thiifi, their loug curved course appears as a clear lajer, 
and has received the iiume of sf ra/uni lucidum. Besidea their dendrite«, tbey 
send « pan of their m-unixou« also out to the Inyer of tangential Gt»cr>i, ex- 
actly mt m the rest of llie cortut. Tht- grt-atcr part of Ihf ncuraious, how- 
ever, IMW ventrail)', and thcM, witli other fibcre. then form a true medul- 
lar}- layer, the aheus, Thich lipg dircctlr «nd^^menth the vcnlrictilar cpi- 
tlieliutn. The «mall spacv hotwern the »traium lucidum and tho alvcuj 
11 fillrd by numoroua flben passing into the coma Aimnonie and by fibers 
leavinjr it. tt coDtaini« inuumernble fiber-hranchinirs and & number of verr 
remarkable atsociation-celU, which wo have only recently become acquainted 
with through Ramon y Cajai. They are a<Upted in con&equcnce of their 
uurh-brancheil ncunixoii, nliicli penttniti-H into the i-vU-layer of the stratum 
lucidum, to connect well together the pyramidal cells of the gyrn» hippo- 
campi (nee Pig. 9). The entire layer is designated as tlic Btratvm orims. 

All invi-stifnitiotis nn the cortox of the enmu Amraonis »how that there 
existii here an nbiimlsnce of cells and a multiplicity of fiber-rvhittomi whidi, 
to far as is known, haa no connterpart in all the remaining cortex. 

If «hnl is typical in the stnicture of the cerebral cortex be once com- 
prehcndnl, it is not ditHcutt to recognixe the type in regions where it ia less 
distinct. The HIbtu atfattoriu*, for example, formerly was not ondereCood 
at all. If Fig. 142 is inverted and compared with Fig. 153, the similarity 
strikes the eye at onee. We are lien? eoncenipd with a cortex in the mo- 
lecular layer of whidi the nlfactoTy-nerve übers enter, and terminate by 
»plilting up int" an arborization. But the mtiro «irtex is more condensed. 
The entrance, nlw», of the nlfnclory-nrrvL* fiburs into tlie layer of tun/fotial 
StttTs of tho surface, and the difTorent manner in which the dendrites of tb* 
cortical pyramids dindc and tcnuinntn, utTasioned by the former, give to 
the whole an appearance that haf hitherto rendered difficult of pcrct^ption 
the fnrt that we are here dealing wiih nothing other than a common cortical 
formation. 

The surface of the cerebral cortex is covered in man (Weigtrt) by a 
dense net-wurk of neuroglia, from which numerous, but somewhat widely 
separated, prolonjnitions rnrlinte dnwn into the region of the smallfr pyro* 
midi. Tlirn ttio net-work of neuroglia constantly becomes thinner, and ia 
tlie deepest layers of the coriex it is almost entirely waoting. Within tlie 
rndii separsle fibrils nnly are pcrceptibU. In ihe medullary lay« tfaor« 
again lies a relatively-den><> aecuniuktion of neuroglia, which er«rjvh«ra 
surrounds the medullated flU-rs. 



If Ih« Mnraa* ri«M»nt* of th« crrvbrun ■» dMlrajrcd— «^.. In paralj^e^—ther« 
■ppvari in tltrir jAme» mn hypertrophy of «ntr<:ijili)i wU«h b vharadcrmd «v4 only 
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by iU appcnrancQ in on abaonual place, but alao Ity tbe iliiclmeM of Ha SberVi wliich 
by fnr ifXLttd the uUirrii*i»c ooriiml IHmt*. Only iii rxlrrnie »gf, vrliere— ptobubly 
in roll u>qu one« of th« nenile caohexia — thtra it «omewhat more a«urogtia in tb» oer*- 
brnl rortcx, do nuch flbcrs occur. Whrni mnny of the glia-plntolctii ctom, the» arii« 
tbe ailrotyt« and "ce!!«" o( Deiter, irhklt «re T«rj- (rtijacnily met wiili, lliercforc. 
ia paraly»««. 

A* rxnri a knowledge ui it poasibl» of the cercbrnl cot1«x is juatly «Irirrn for 
is all dlrcf^tiona. l'*j-«liintry rnn houat plt^uing t««iiIu which hare cnroe from «tiidiea 
in tills Drld. I will only meiiüdn tlii^ discoveTy of Tucirck, who demoiiitrateil that 
in tbe profH'piMiivd jiaratysM of (Up innmi? tlie npt-uork of nprvo-fibpra in tb» Ant 
layer wm the first to dcgencrut«, nnd tbnt llic Über» in tbo deeper laycia Uicn mc- 
cvMivcly ditiuppuir as far as into Uiv fourtb. A liiuilar jirocoa lias lat«- been iiroved 
for otli»! paj-ohMM, and more rMN<nt diwov«riea bave shown that in th« deeper parts 
of the bruin al^o n de^ncratlon of Unr ßbns ocnire in pumlyscB. This i« faerc iiiirl 
thoru oponiiioni'd, na tlic ooume of it« Kpi-i<ndiii{[ allows us to inter, througb tlic soc- 
ondary dcgou^rativn of ßbetg iiitorruplcd in lUc cortex. 

The nervc-fibcTB in the rcicbral corlrx become niedullat«d only very late. 
McduKntiun occurs in Iho ninth mnnib of fetnl lifo fir«t of all in tbe NUpertor 
park-ial lobul« and in tJie puaUriur central ir^riu; in Lbi? Cnt inontb of r\l.ni-titcnnr 
life single fibers in the anterior centraJ gj-rus are added to Uiese; later. In the sec- 
ond and third nioaths, tlio process begins in the occipital lobo of th< cortex. It iM 
probable that Uieae erenta stand In relation to Uie time ut which inun bruins to 
store up impremiona in the separate regions of the bmin; that, for example, with 
the Bcqiiiaition of visual pcrcepUon, the optii»! centers of the cortex Brat be^^ their 
developnicnL 

In later life more extended rcflona nr« const«atly becoming modullatcd (soc 
page 231). 
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The u^Äif« medulla of the hemisphtre lies beneath the cortex. This 
homogencouu white subslaücc, revealed to the nuked eye b^' a section throngli 
the centrum scmiovale, is resolvod by the microscope into a Urge number 
of tibere cnissin;; one snothc-r in variuus Hirections, but tbe eepnrate fibers 
are traced only with ditticulty. Let us endcnvor, so i$a as &t preeent po^ible, 
to become acqitaintcd with tho*e fibors, 

If E««tioiig an? Rindc throiiyh the frosh brain of a newborn child, it 
will h« seen that there lie« almost everywhere beneath the cortex a peculiar 
grayi»h-red, transparent mag», in which white nerve-fibers are to he found 
at one »mall apot only: beneath the upper portion of the posterior central 
gj-nia and in its noighborhood. in the coiiree of the first months of life 
other Dcr\'c-troct» become mcdullated; first of all those tracts mostly which 
pass downward from the corUx; goon, however, tract« nlsn thnt connect sepa- 
rate corlieai rrpons with one nnoiher. 

The intter, the fibro' propri/r cf the eorlex. are exceedingly numeroua in 
^he adtik brain; they everywhere exlead from ginis to gyrus, connecting 
distant gyri and those adjacent to one ifnothcr. They also connect entire 
lobes. Apparently the« "association-fibers" arise only in consequeuce of 
the association of two cortical regions in a common action; in other words. 
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these libera are dercloped as diatinct mcdtillftlcd tract« from the indifferent 
mass of nerTe-flbers whencrer they are brought into q»c moro frequently 
tJian other tmcta. Tliesc Association-ßbers tio for the grual }>an close be- 
neiilh the cortex, another part in the medullary layer of the hemispheres. 
Such a system is, as you see. thoroughly adapted to bringing all parts of llw 
brain in commuDication «ith one another. The manifold proceesea of asso* 
ciulion in Uiought, in motion, and in aenEation, for wliich tlic brain eerre^ 
may poeeibly find their anatomical boeia in the liber«. 

It i> Dot impnilMliI« thkl tliCM flbere pUy «d Itnportuit mie in thf Bpirnilin; of 
tht epileptic hIiutm. It to potalbU, tn animaU. ba «II (»rtli, flnt, contrncUoiu in 
tbe niufcl«* bjr irriuUi^[ Um region of tlie cortex »itb >thkh tbvy An ntyv:Ürtiy 
conD«ct«d, Ktitl. »Minid, conruliiotu of tbc mtlre nflvcted lide by incTMÜng th« ini- 
Utlon. Th« MqiiHiM of lit«*« eoBnitotom MrrMpoDit* to tho uruigcnicnt ot tb* 
A(r«Eted cent«!« 1b th« rrrcbnl cortex. As this IidiiuIm siirmda a nelgliboriiic motor 
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cvntvr la iwvvr ikippMl over. Tbe oonvulaiaii^ nh«ii th*]* bar« eoBipleUly apresd 
ov«r o«*-tuilf of tli« body, tnvolT* tk* etbar balf tinätr cerUJn oonditioM |iitt«Balt^ 
of Lb« IrrltAtkii. dlsposiiJoo of tb« anlmiil eoiprrimentnl on). Bxtiryation of tba 
■tsyl» Rat«f «nten ocmuIoi» an omlnloB of the groupa ol tntiaelca IbvoIvw! from 
tht it e a er»! convuUiv« turiEur«. 

II in not nrt'nnsrj that th» cortinU point from w1ii<'h auch a eonrallivo «riturt 
aUrta brl«nf dimrtly ta th* laotar region. Tlie MfiTolaloni Ibua prodnwil hAve tha 
irrMta»t airoilarltj Lo tbe ayraptotaa of pftitlal «r genrrnl epUcpay la maa. Slaoa 
tba «ritlnp of ItufthUmft Jaeknom, Mpecially, lorms of «fnlcpay haw bMs rcecg- 
nlied that htgla »HUi coa<n«tioiu or ronvulsiun* in one limb and at tim*« aprwt«! 
over Ui* Other linha or thr entire bodT. In the tatter caae they present a typical 
pfetat* of an epiltptie aeizuni. Cont^iouaneM almtiat nrrer itiaappMin entirely ao 
lone *" >)■« ollvb renulna paiUal. .\fter the attnck patalyaca aomctlinaa recaalo, 
«hleh ar« raoatly loeallud in the |«rU Drat attacked. This partkl. vt eoftlaal. 
epilepay U not lo be aef«rated from It» cI*"!«»! opiUjAV. TIte bttsr peobaUy ftp? 
ratMta a fonn la which the initial aymptams foUow one another In more rapid suo- 

U is Dot aeotaasry, howerer, that Hit uprcadlag of sa Impolae (rom ont point 
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«f the G«rlex to nuotbtT or or«T Uie (entire brain üci-ur |irM'iM-!y hy wav of Uiv Rbrtc 
pvoprifl?. Many other wftys arc picM-nlcd, as, for inslAnc«, the fine net-work of 
iitTV(>-fllicr« on thn »urfncv of th« portrx; then, too, tlui ratiro cortox m&y bo in- 
fliienrcd «innillnneoiiMr lir ti varintiun in tJiv roliimo of blood in lu vnoela 

Th< trsting of the fibnp propriic botipecn two neighboring' cortical 
regions i» not extreme]^ difficult if the tensing method le employed. Ilie 
demonstration of oonnectioiifi between regions lying fartlitr apart from on© 
another is uuich inorw difficult and leads yery easily to artefacta, which cor- 
respond in port to the «dual direciion of ilie flbei«. A few tract« only arc 
to be followed with some degree of certainty. Sucl» are the fasciculus tin- 
cinatat, the faseUvlue arcuatiis, tlic fasciculus hit^itudinalis inferior, the 
ein^ulum, and a feir other«. 
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Fig. IAS. — Diagnun of the courw of the long ■asocUtlon-patbwaya. 



The fasciruitif: vnrivatu» ariw» from the cortex of the temporal !ot>e, 
pones foruard close tu the renlml margin of the insula, and Iieconifi« In»! in 
the moat Ventral tcä^ious of the frontfll lobe (Figa. 170 to 1T3). Th« fas- 
eicviui arcuatus pneee« olonp over the dorsal part of (he insula from the 
more posterior portion of the temporal lobe to the cortex of the parietal 
and frontal lobo«. (•'iherg ftecompany it (doubtful) which arise in the frontal 
lobe and lerminate in the eortPK of the occipital lobe (eoc Vige. 16!> to 172>, 

The cingtilum is a long tract that runs in the marginal gjTus — tlie gyrus 
fornicatu» — from the cortex of the cornu Ammonis to the mort ventral 
region of the frontal lobe, and perhaps to the olfactory lobe also (dog and 
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nbbit). It probably consists (Beeror) of several sejiarat« parts, and docs 
not cntirciv degenerate after «-ction (rcc Fi^. 169 to lit). 

The fascifulun htt^UuäinaUt infirior, a very large tract ol fibers, con- 
nect« tho temporal lobe vrith the occipital lobe (mo Figs. 18G to 18d}. 

Dff^lnr. who ha« itodM thfa femadJ« nrj tkorouf^l; in iu nUlioaa to many 
oUier iMTl« of tlw SberajratCRiB of Uie bnUa. obaerrcd UinL it wa* degeiterated in a 
MM of {>urt> «oid-blindMiM. ThU lact and tlie ooune at tli« tract make it rtry 
pmbaUe tbat cBBcntiallv it iervo to mny optical iiaprcMtona to oUtcr part« of tfac 
brain. It exliu in oth« I*rtinatM nlto. t'lrchtif lia* lately tdt coRi|)«Ut4l. aa a 
imull ai anbryologinl alii4ii-«, lo rxrltiil« ihi« UundU- «ntiroly from tli« «ystMn of 
■war iatton-pa tlin-ftya. It ia uid not lo trnniniilc in tho temporal loV, but to mrve 
uji HMr th» kjMFx ol Llie laiae, l>to tlie UMlamus; so that It vroiild cooaaqiuntly ba a 
}iart of tlM railiatlo oc«ipito-ÜialBiiii«a. 

Sa^ jiutl; emphosiz«« the fact tliat the temporal iobe is really con- 
nected with ail the remaining parts of the brain bjr means of long liacls 
only, llioro is localizid iu it, as Die researches of pathology tihow, thu 
■uditorr imagery uf speech. The very abundant possibilities uf oommimi- 
cation may correspond to the importance irhicfa such auditory factors have 
ill human tliougbl. 

In Kig. 156 the long association-pathways «bore mentioned are com- 
bined diagramrenticiilly. One tract only is not included there, because until 
recently it was very quL>«tional>lc whethor or not it rcprosoDtod a long a£»>- 
oiatioD-pathway. ll i^ the fasciculu» fnmto-occipitatis. ÄriaiDg from the 
medullary covering of the posterior and lateral horns of the venLricl«, ita 
flben pass fonrard as a vrll-drlliiod bundle external to the lateral ventricle. 
They always keep cloei.' bcnc-atU the corpus callosiuu and on the dorsal edge 
of the nucleus caudatus (tee I'^gs. 170 to 173). 

It i» tbp Mine triMt tlwt I d^gnal«^! caiüm- ki Ih« oMocüliaitliUBill« of ttia 
Mudal« nuctf-m it'i|[, Ii9i. InvcvUxaUui» by Mf*rine, RirU. anil Iftimfotr hav» 
■kowa, bnw«vur, that «e ire livrc really «ainmipil. as i'on^l maA OnufntttUa had 
coti)ertuKd, with an uMOdation-buBidl« bftntva tha umlvlla of the occipital loba 
aaii that of 111» fronlkl pola. CowaquonUy, Iho trandla wUl bo foand doaignaiad as 
iba laadcnlu» fron lo-occi[<i tali« in thr Uqi« frunlul »«rtiou« tbrougfi the entire l>niS( 
to ba iliown later Moreoiui, the tnialln- jMirt only of thin Imct of flbcra h, Ilk« all 
longar ■■iHililimi l<ui«llni, cnnipa«»d «( fllivf« of very gt«*t \Migth; k far grimtar 
part conaiata of fibrn tliat connccl togetker nincl« seclioua of lu long coutae. 

It i« perfectly pTopCT to duignate all of these long tracts as interltAuhr 
lUfonalion -bundle», and to distinguinh them from thoae that connrct with 
one another »epante poinu uithin this or that lobv. Tbcve introhbulaf 
trttfix have heen little atiidiwl httherto. Tliey are best known for the occipi- 
tal lobe, where pathmav» liflvo tteen demonstrated by SathÄ, Wtmickc, ViauU. 
and othcn, which iirt- adnptt^ to connect with one another various regions 
and layers of this lobv in all direelions. 



Beatd^s these Überö, wJiieL connect parts of the eame hemtfphere with, 
each other, there «re alsn fibers that connect one half of Ihc cerebrum with 
the other Almogt nil of the^e ühiTü run in the forpux caUosum sxnA in ihe 
anterior rfffwmiVwiirf. thus pnssing trnnsvorsely through hoth hemisphere« 
from one to the other. 

Inasmuch a^ I prettuppo^e that the maeroscopic relatione of the corpus 
callo»um are known to yon — at least it« general form, vhere it U distinct 
from the other hrain-mass — little reoiaint) to he wiid by way of explanniion 
of the acconipnnying illiiätruliun (Vig. I')?). 

It must be borne in miiid that ju»t iw the fiber» of the corpus callrtsiini 
are seen pasRing tr(in*veriiely from *irfe to ^irle in thie sootion (which i» mode 
nboiit throHgh the ehiojtina), so tliey are to be seen in the whole region of Üi« 
brain over the Inteml Tentricles. 



Fi|r. 157. — Prontal Mt^tiun t!iioiii;)i tin? (oti-hrain. Diagram of the miurec 
of the coTjiUH ciil1ü«iim nnd tlir cDiiiniiuutn tinlcrinr. 



FVom the frontal lobe, also, the corpus eallosum receives on «ach side 
a large afTereut bundle (Imt grows to it anieriorly over the roof of the liitei-al 
ventrick-, «n its lutenil »itle. Tiic iibei-* of the curpu? ealluouin from the 
occipital lobe closely surrounil the pcwterior horn like a cjip. Their rattia- 
tiou iff knonu a» the forrtpf major, 'llie portion of the eorpu? eaUo^tim 
poeeinjc; into the lem]koml lol>e on the Intornl t^i(k> of the inferior honi \t 
called the faretps mitior. The inner side of the posterior horn and that of 
the inferior horn are covered by a Inyer of white, modnllnted fiber«, the 
tapflum. (ConipHre the sectioue through the fiber» of the corpus callosiitn 
which arc shown in Figs. lfi!> t« 174 and ISS to 188.) 

Tlie simple mrtlioda of •Hvlitmlott fnmirrt.r eiuplnyed made ti\h ciiUre Ujrn- 
nriginat« like llie fihm of the L-orpu« mllnsuni.— liiin!» iL a|<]>««r. in n iiieiuure. as tha 
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nost MiMiAl iiulUUi« of iImi tib*n of Ui« fovcrp«. 1jil«ljr, Hotr^i-dr, llic inrMligtt- 
U(MM of Uie «utbon fitnl itbavo, ia connection with Ifae baciciJus fronlo occifiibilu, 
n«ke It probaM» tfuit the tapetum doet not radial« into the wriiuH fiftllMum; rather 
tkkl U ia Uic iiioat {MMletior nidutioa o( UmI loof MMcialion-tract. T)i« nuLkUon 
of the (uck-ulu> froDlo-ocripiuU» Itr» diractlv twnMlh th« «t>ith«liutn ot Ih« rni' 
trkle, next to the tmvil;, «n<J only oubitd« of it lie U>c |>o«t<^or r*diiitKUu at th« 
mqn» «l(<wiin. 

>'tir nil tlwl. it itpjwnn to nip ihnt niim'-nMi« Hbcn o( Uit* corpBs cHlloaum km 
aiixed with thn«. At Imtt, the n'liiliviflir uimII medullalrd bundlcn that focn llic 
tueimliM froDlO'OcvijiitMlis in tlie «log do not votrr nil Ibft namnmu flbcn of the 
tA|i*luni. Til» fMtt that th« tii|«tuni hak bMtn «hecrv^ to be prMtnl In <«««• wher» 
the oHimi nilliHUD) iru «anting, anil tlic {art tbat it doc« not degenerate after 
H«tlan of llie ratpin mlloauni. apfiMr to he the ninot Impnrtant rvatotis fur per- 
uiiltiiiK it Iv b« t«|iiiiulcd frvui tliv cm-jiuh cnJlo«uui. 

In the namntic iniuiinial% where Ihe comu Aniinunia extends apward as tar as 
the under aurtece of the «orpiM calloauin, it ia reeogniicd inora clearly than In man 
that the fxicterior end of the anyu» cnllosuni rurrea forwanl ^^B. In Ulis nun- 
DN it fomw a diatinrt taj'er of flber« tloeml t» tlin jwalliwiuni, nhich, in «netioc», ia 
tn be dittinjftiiihtrd IrMti the filx-t« nriviiix (rmii Die coniu Amtni^nia by the •mAllcr 
diameter of ita fliicra only. Thia |>uttluii u( tlii^ (.-ui|>ua ualloauui, aa niftl u the dinal 
portion, la pcnetralml liy the bundlea tA Ih* fornix longua [Fig. I4i). 

The occompuiyiDfT iUuetration (Fig. 159) KprtsonU the fib«n t>i tlie 
corpus eallosum when oxp(^ee<l from llic innrr surface of (h« brain. With 
fu help, an accurate idea cnay be eafWy formed of th« radiatioo of the coqius 
eaÜMtitn. 

TJi« comtniiwiira anterior has nlreadj luM-n dcscribed in connection with 
the dutriptiou of the oUactor>' n|)paratu*. In tnan it poaees at a largt 
btrndlc ot fiber«, cloec to tlie floor of the YCiitricle, in front of the pillars of 
the fornix. It cinnot be lollovrcd in a traneverM eection in the manner 
iotitntitod in the »emidiiip-nnimiiiio fif{ur« here. On ?flch side iti fiber-miuig, 
while it paasw throiijrh thf corpiw rtriattim, curve« much more, downward 
and bickw&rd. in a fcmicirrlc and » lost iu th« nioRt poctprinr portion of the 
medulla of the lotii* trmpornlin. In Pig. 187 this curred portion in cut on 
both the right uml left sidr« Mow and external to the nucleus li>ntifnrmiB. 

The great<«t part ot the anterior commiasnre in man contains only fibers 
tliat CA» be traced bflckwar«! until in the rejnon lattrat to the comu Ammonis 
(comiMp' Fig. IM). A tmall bundle only of the eommiaeure of the olfactory 
lohp it Hhnwn, — it w MX'n paRtiin^ dunnnrinl in Fig. IßT. 

Xtimerou« fibers «ri« from all parts of the cortex of the forehnitn, 
which connect the forebrnin with the deeper- lying parts of the central nerr- 
OUR «/stem. A preat many ya»x inln the int^riimin; otherF may be traced aa 
far as the pray massee of iho midbrain and na far an into the nprre-nurlei 
of the pons, in whirh they nppoar «oon to termiruite. Bnme nf them paa« 
down through the internal capiulc» the cms cerebri, the pons and the 
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medulla oblongata, into the epinal cord, where ilie ßbere enter the gray 
substance at various levt-ls. 

Taken together, these fibers pa»ii)g dowuwnrd from the cortex are 
designated as the corona radiata. You will not form a wrong idwt of this 
if the Ihiilfiniiis is imafpucd a» placed frc-e imJcr the overnrchiag dome of 
the cerebral cortex, and it is then atusumcd that ncrvc-fibcr» pass to it from 
fell part« of the cortex. Tracts of 6bei8 enter it from the cortex of th<! 
frontal, parietal, temporal, and occipital lobofi—pcrhflpe tracts of fibers from 
the cortex at the entrance to the fossa Sjrlrii and from the comu Ammonis 
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Fig. 1&8.— Posterior portion of tlie riffhl he<ni»ph«ni «««n from the InDu 
SUrT»«. By Ira^iitit; o«t wUli (orwp». tlip rndi^Llcin of flbefK frum llir prnttcrjar 
end of the «orpt» mlloMim i^'pjniiitm, Vef] i« akown, Tlip inaes under tha 
corpus rUIotuiq is (lie tkalamti» opitmt (TAo). On the «nil of tke veiilricl« 
■urrouniling it, llie laprtum iTnp). A [mrt of the fafctnilua InngltH^lnatl» (n- 
ferior iFlU i* hIwd to be »eeu iii tlie LUiulntiua. TIjp Uiutnuiuit liim mulrr iL the 
ppfl IieduDiTuli <0). Tlie Mber Wien refer tn ■triicliiriit tbnt nill be nieuUoned 
in lilt- t*xt Uter im: Ttdf, Vio^ d'Azyr'* bundloi Kaf, Foralx; Cea, Oorpw 
(.■midicun« : //', NcrvuH epticui: fvp, Forcttpa. 



AITATOIIT or TflU CBXTRAI. XHrOfS SYSTEM. 

tl»o (Ibf liittcr running in the fornix). OtWrs of the tracts of (lie coroiu 
nitliau, hiiwi'ViT, (lii not go (n the lIuilAtnii«, hilt [hsm on finhor (luwnu-«nl, 
)n imnt of, to the cmtsidf of. und l«fk of it, 1o tiTUiiuaif in t-vnUT» that 
lie Jwpcr. 

The corona »diata i» therefore coinpoeed of fiben that go (o Iht* thftU* 
Uiii» und til tilwrs that go to deeper lyin^ p«rt«. 

1. Kiben patu lo tht Ikalamus frotii alm«uit Ihe «entire surface of the 
cortrx, and h_r no niranü t.n few bundle« «)• the diagram before you would 
iiidicat«. Thi-M- fiber* nnilv, in part, elnw lo Ihe ihalanu» to form thicker 
biindlm. whirh are called ihe pedicit» of Iht Ihalnmua. 

iJonalvif hflfl Iiwn able to i^hov. h_v menn» of nnmennis ranes of seoond- 
«rv degeneration, that a veij definite cortical zone tteiuli* itti fibers to eacli 
of thi^ thnluinic duoIm. \Vt ehatl havo occasion to coti»ider thne in more 
detail later on. At present vre vill mention only Aome of the nxul imiiortant 
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fl^ ISP.— I>l«CtB ( tbu fllivTH of tkr nirutici ndislu. raprrUlly (li* Ahtt* to th« 
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tract» of thi* ifroiip, known aa the IraetuM rortieo-lhaiomiei. Vint, thare is 
the rnrHral Iritt-f of tkt filM. It ariM-n fmtn the fe^on posterior lo the 
anleriiir eeniral jjrriiR and terminate» in the nioi*t ventral thalamic nuclei. 
Thp fibers of the ßllvt alwo [mim tliilbLT from the apinal cord and medulla 
ohloninla. For (hi* reason, wi* may n-jjanl iho trail nu-ntioneil an tht- ittn- 
tinualiiin of a conxidenible («rt of the wnntry laihafion to Iht ritrtu. tn 
the pnatprior n^ion of Ihe thalamu« tberp lit« a pari of the primary temiina- 
tioD» of the o/'dV nertt. The afTvrom trnrtu from the eonex to Iheee arc 
also well known. They |«u» forwnr«), after leaving the mwlnlla of the 
occipital IoIk*. id an almiwf horisnnlal direction, arwl end in the frr^iip« "f 
gnnelia of ihe posterior region nf the tlialanme. tn Fig. 100 tbia "optic 
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radialion' is n.'produccd from A horizontnl eection Üiroiigh Uic brain of a 
child 9 week« old. 



In luan iU UcBlrucliuu ImiU to hoitionyaiua» Iioniiaiiopsm iwv below). lu «lit- 
main i1 dooa not n|i]i«iir in I«' of m) ijicut iiii|iii[iii[iiT. It>r llir (H-<-i|iiUtl [.'url«'\ niuy br 
(Wircjod Oll bcnix »id*» withoul proilucinu (H>niiiin^nl. acliinl bliniliie", Tlir ri-iil 
iwaLer^ (or Chi? »cnw- of »ixhU riinM^ini*nI1v. lie iln'|Hrr. Si|j;)il mny lii* rrtiiiiird if 
iJipop nlnnp nrn iirrttprved ; it k )tii]iaiu>(l, hnnpvrr, ulii-ii tlir i-nniKi-Llou lii^twcon 
thrae contM» «nil Ihv cwrtcs t* drutrvynJ. Tlii» i-onm-rtion. proliubly stniriK for 
p«yHiii-iil ptiM-if9*e*. i« >ni»l ii)i]H>niiiit in m«n: u|i])«iniily o( Ictwei iiniionvtid' in 
lU"? iitlitr iiinniiual». it is uunliii); ciilinily in l.iner .ininiala, -'.si.. Ih*- 8i>h- Th***. 
nt tcBKt the Trlcnalri, »cc without pcMni^-uing, iu yvufrul, niiylliinif muri- tlmn a lliin 
i^'illielinl vHiirle in pla<« uf it corebnini. 

S. Cortical iracts Mti-nd into ihe midbrain, partly from the occipital 
loW Ii)' vay or the abaw-montionwl optic mtlialion, partlv from tbi; teni- 
poral loW to tilt* lerminiitiHtui of ihe »t'cnmliiry nicHiitinn nf tin? auiUiur*f 
nerif. Tlie fibvnf iirininy from tlic «ul-nmlei uf tliu ucusticus cxU'nd u[i- 
«ard a» far as into the j|iran;B:liii nf th«; midtiniin. There they soon end, but 
tbt fe»rliral tracts bcjriii al tln' plarc nhrre they teniiinate. 

3. In Ilic region ventral to the thalamii» a tract is soou, tost to further 
oWn,-alion whicK Fltcfmg bae named the tf^mtnlal radialion. From the 
ooritx of llip j-iiptridr parii'tul lobiili« (and ftdin tlif poHttrior fetilml j:yru»?), 
|jtfrhii{M frum cortical regidii^, also, lying siill fnrllier poHteriiir, its libent 
extfnd into Ihe internal eajMiul« and pai», in part, below the thnlaiiiiiii, 
lawanl tin- sjiinsi cord: in part, tbey sink iiiln the Ipntiriitar nni-leus. 
Thiy |m*s thrinijih the two inner divixions uf llu! lenticular nnrlcuc, then 
unite a^n cloee to the bftfic nf the brain to form a more enmjiact bundle, 
the course of which vre ^hall become familiar with later. Tbo^e fiber« are 
the first to become luediUlatwl in the cerubnim. They alone ore to be 
reeo^ized in fetiiees of the eighth to nintb mcinili a» thin, while tracts 
in the internal <^^pKule. uluL'h nt tbi« lime appeure ^tuv {Vig- i)- 

Itut tbifi is not tlie end of the cortical radiation. It* most caudal por- 
tiona p$m into the pen«, the medulbi oblonrrata. and the Hpinal conj. 

•1. Tbci-ortical Intel* to Ihc ptms. tractu!' mrtiris ad pitnttrn, arp Hirided, 
after Fleciisig, iaio the frontal system from the frontal loiie, and the pos- 
terior, from the oecipilal and tempoml lobee. The fibcre end in the pone 
in large ganglia, from nbich orijrinate ilic |iodiiiU'1i-i- of the curebelhim. 

/i. The Kpfch-trart, the traetii»; cünioo-biilbaris, runs to the Qiielui, in 
the oblongata, nf the nenee that are nece««ari- for speech. Its origin in the 
cortex of tin- inferidr frontal jryrus. iiw cuurse lliroiij^h (he iiiedidlary layer 
exlerual to Ihe tail nf llic nucleus caudatuf and its termination in the abore- 
mentioncd nuclei, all have been inferred from clinical ca^ee that have been 
«irt'fMlly ol^rved and verified hy «utop^iee. It Iim not as yet been demon- 
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stnted by nctual anitomical tnTccitigitioa. Tlie spefch-tnct, vb«rp it paaBSS 
over the anieriur part ot tlie nudetu tenlifonnis, lies Ter}' near to tki 
eenlral hypinjUnsal Irort. In it lie, also, looit probabU, tlie small traclx thM 
tent tu brin^ about roluntar; niOTi;inent of the Tocal corda. 

a, 'Jlif^ cortimi tract« tn the fijiin&I rord, tratias eoriie9-€pinaUg, arise 
(rotu tbi- cortex vt tliv nfitral gjri and ttie paracentral lobale only. The; 
paM down into the lateral and anterior colunuis of the cord, and are known 
as the pyramiital traelf. 

Thürc litiiihtleH» still exinl« a large nuralior of nther gvaterns beluoging 
to the t-nrnna radiiita. 

BninH with twvnl ajiopletlir lesions fonn excellent matutial for in- 
Tcsti^tioQs that are directed toward the finding of «och «rstems. About 
three wevk» after Ihe appearance of such an attack, upon application of 
Uarchi'^ of^mium niethwl. tractti of 6bera will alvays be found underling 
I (tntynding d'.'ijvueretioD. «Iiicli extends far down (rum the poiut of leäoo 
{Bockt). 

Th« biEinii nf children of tlic- lliv^ yi'an> nf life are also veiy instructire. 
I'll« fiber» become medallated nl dilTerftil |H-n>iiU, and, ao far as is known 
at prewnt, the rntire corona radiata ha« become medollated by the end ot 
the second yi-ar. 

As n TvtvXi of such iorestigationa, Flerhsig has now advanced the very 
interesting condition that the filters of th« corona radiata pase out from by 
no meaiu all parts of the cerebnl rortex; that, on the other hand, there ar« 
n^ons which fitmi thinr while niL-dnllary eiilKtnnc« cwteniiuUy of asso- 
cial ion- tracts. Ace.»rdin»fly, Ihr tnanlh mjion nid^r be ditidsd into Iwu ^rand 
ftirUioit» irhifh diffrr fu tu stntriurf. Thp first oinltiin«, besidf« the liundlai 
uf the ciiroua rodiala mcutinui'il aliove — 'anmnjc whicli the ImelU!! cortJCO- 
thatamtL-i ore the lartrmt — lUBOciiition-fibers and fibers of the corpnn cal- 
lo^uni in ahulldnne<^ Fr<>iii \u'f »ri^ttuile the sensory systems of fibers, and 
xhoK fibers also for the innenntion of the muscles and orgaiu of apeoch. 
yitfkitifi eolla the entire region the e^raoiy oomen. It inclndee the optic ocn- 
ler in tbi? an^a uf the rtiiietiii, the atiditury cciiler in llie most posterior part of 
tlir finfi li'mporai (tyrus, ihr nlfiK-liin' c*nl*T in the g>TU9 hippocampi and the 
Tentrnt |iart of the fmntal \n\w. and, Sually, tliat lar^)' fi)')d which includee 
the posterior portion» nf all tlir frcnlul j^'ri and the ccntial gj'ri. the aame 
cortical area fntiu which prrKviil tin- tractus corlico-opinalc« and Uie cortieal 
pathway to the termination of the fillet. AU of the fibe» belonging to these 
areas hr-oomi' nu-diiMnto^l t-arlicr ihnn 1ho«e parts of the cortex which, in 
gentral, omtiiiri t»»<H'inlinr-fil>cr* only. FUthtxg calle lhe»e a»80tiai\on- 
ctntftK. They tnclnde four large regions: the anterior portion of the frontal 
lobe, tbp }n'>^Hter luirt of the teuiponil lobe, the puftlerior portion of the 
parirlal Iidie. and ilif iniiula Ki-tlii. Niimt-n»» »Moc-iiition syMpmK connect 
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these parts with two, and even more, neighboring sensory centers. The 
speech-centers appear, as a whole, to lie in the common boundary region of 
the sensory and association centers. 

One sees that even the short description, which the author was able to 
give here, of the tracts running in the white medullary substance shows this 
to be a very complicated structure. In fact, sections made at any place 
whatsoever, never, or almost never, show one of the systems alone; at least, 
decussating fibers are almost always prraent, originating from the associa- 
tion-bundles, or from the corpus callosum also, or from the other systems of 
commissures. Perhaps the collaterals, the exit of which from the fibers of 
the corona radiata is easily demonstrable in the mouse by means of the 
Golgi method, here play an important role in complicating matters. How- 
ever, one recognizes even now the cardinal feature of brain-structure when 
one sees that from particuJar cortical areas definite fasciculi pass to definite 
lermini. 

Numerous investigators have turned their attention to the histology of the 
cerebral cortex and ttic finer anatomical relations of its structure. Hitherto the more 
it was investigated, the more - difficult tlie solution of the problem appeared to be. 
New and more complicated relations were constantly becoming known. BaiUnrger, 
Bvvan Lncts, Clarke, Mrpncrt, Oolgt, Bellonci, 8. Ramdii y Cajal, KolHker, and many 
others have attempted to throw light upon the most important points. The cortex 
of the comu Ammonia was specially investigated by iieynert, KölUker, Henle, Duval, 
Hchaffer, Golgi, Saia, and Ramon p Cajal. Much was learned concerning the Sys- 
tem ot fibers in the white matter of the hemisphere by F. Arnold, Reil, and Bvr- 
dacli, even hy means of the teasing method, while the microscopic investigations by 
M'l/iiiTt, Sarlix, Brixsaiid, and uiji-rinc, more particularly the embryological studies 
of FlccJinig. mid tlie numerous experimental researches of (liiddcn, Lötcrnthal, iluna- 
kdw, and others, have advanced our knowledge of the subject wondertuUy. The 
advantages that have accrued to the study of the anatomy of this portion of the 
bruin from investigations on pathological brains are not to be undervalued, Wrrnieke, 
Chiireiit, t'iri, I'itrcs, Friedmann, Sioli, Monakow, Rivhier, Zachcr, Dijfrliic and 
others have made such investigations. 





¥ig. 100. — HarJMinUl arrtiun thron^b thr (train. Innding downward «tm»- 
«hAt touanl th* ati]*«. Ihtlkrm, Corpn« anlloaum. Optitfus Btrfklitg, Optic 
nii)(*Uou. 

In i-f(l.T !o ffly* rhithor th<* fiber« fr^m iJn* «ntMiir fi«r1* of the brain must 
(M-ni-lratc the corpus nlriatnin. Tliis wilj Ix? inadt clear by the itcenmpany- 
ing ewtiiin. made horiuininlly ihmugh lliu wrehniin. 

TliU Bcctiuu is made abont a finger's breadth belov the lection »hovni 
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in ¥ig- 1£4. You must undcrsinnil Unit thr ivrn li<rmi.«]ilien.-ii arc in pnrt rC' 
moretl, ami War in miml tliat their rnminil üIhts pussfftl downunixi from 
»hove into llic knee-fhaptd, vrhiU; line of tlie internal rapmle. Tho portions 
ot tlie capsule formed by fibera coming from the frontal and tjccipital lob«* 
lie in pari in the plane of the seclion. A few words now in explanation of 
tlii^ ftcotion. 

Tile frontal, ooeipilal, anrl tompoml lobo« an? recnjfnijted immudintelT. 
Thi- trmpciral lobe lips or«r th« inlftiid of lli'il, mid ihun iiartly t-nnccals it. 
As in Fig. 125, yon see the corpus cRllotmm in front rnt tmnsverstly, anil 
adjoining it the sept nm pellucidnm, nt the poeteriorend of which the pillars 
of the fornix amend. 

Anteriorly, external to the septiim, lies the head of th« nttcteua cau- 
datU!), which la cut into in this neclion. Itn tail, whiidi was .«ecn passing 



Fig. 101.— Niii'Ii'Un viiuitnlii < nltiti^ lis fntiie Irngtti < (Ihignim- 

nmtic). JiiiniuNtfAfrf-N, (.oniu Am";' u:.. lUichUipfitn, ultectorj- lobe, Ventriktl, 
Vtotricin. 



along the side of (he thalamus in Tiff. Mh. h nm rieihle. It i» contaioed in 
the part of the hrain ri'inoved. Only a »niall portion of it U atill to he 
eeen. poeterinrJy and exIemallT, near lu ihe rornii Ammonis, The ahoT« 
ek^tch, which rcpreecnls a Duclctifi caudatus diseet-ted out, shows how Ihie 
condition is brought about. 

The tail of the nneloiii? caiidntiis lienHs nroimd Ihi' bniin-stom in a 
gentle c^urvc, and i» to be traceil nlmoüt to Iho apes cif the infurior bom of 
the lateral vmlricle. The entire niieleiui munt conneqiiently be cut twic* 
in every horizontal section made thmiigh the dwper plane« of the hrain. 
This ia shown by the line n h in Fig. Ißl. 

Tllick tract» of fibers arc aeen external to tW head of the nncleus can- 
datua. They come from the cortex of the frontal lobe, and contain the 
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cormponding fibers ot ib« curona radiatu passing to the üuUmus, aud the 
frontal fiber» paMing to the pons. 

In order In pa&a iiitu tlie Oulunud and the pon«, thb hum of libera muat 
cut through «the ganglion of tlie corjiua «triatuni, trhicli li«a in the vay 
(Fig. 14>(I). 'I'lic |i8rt which lit-s nrarer the median line is the afoK^uid 
nuclntt i-auiiatiis: the part thai eomce to lie more external U the ntitlfiu 
Imtifcrmu, Ncrcrl.hüle««, they are not abeoliitely Mpant«d from one an- 
othiT bT the iiborä from the frunial lobce; numorouB oooBecting fiben pass 
tM>tuei<ii them. The Abuve-mentioiii<l ilben of the corona radiata to the 
thalamii», the fiber« from the frontal lobe to the poos, the bundtee botveen 
Ibe head of the nucleus cjiudatus mid the nucleus Icntiformis, and, final)]', 
oUier fibers from the nucleus eaudaiue to the thalamua and to the nudum 
lentiformia, all of Üiae Üben tofttithcr conatitute the vrhitc, fiber-nuae of 
the eaptuh inUrna, met vilh in the horizontal »echo» «hovm in Fig. IßO. 

The frontal aeelion reproduced in Fig. ICS ig intended to complete the 
idea, of these rvUitions shown in the liorizontal section. Situated very far 
forvard, it strikee, principally, the ganglia of Ihe corpns Btriatum, and 
likewise distiiictlj sliows the liWr» u[ llie capaula iiiLenu se[jiBrating them. 

The form and location of the nucleus caudatus will probably be clear 
to jrou nov; but it will be more diflieult tu form nn idea of the peculiar, 
wedge<4hapcd figure uT the nucleua lentifurutie. A Hudy of the horizontal 
■ection and of the frontal äoetton (Fig. 102) will be of benefit in this con- 
nc«lJon. Internally, tiro othor, »omcirhal lighter-gmy, gnnglionic massed 
■n aasDciated with thi« ganglion, uhieh nre intimately nttarhed to it by 
Hhcn. We commonly tipeuk, [licrpfore, of a threefold dirtaioa of the lenticu- 
lar nuclriiji, wherea« the broad, darker, outer division alone, the puiamen, 
proliably is morphulogicullr equivnlent tu the nudfua caudalus. Tbiti 
ntieleoa caudatu« M-nd» ita fil>er#, tia was mentioned above, through the an< 
terior limb, or segment, of the internal t-u]<«ulc to the two inner divisions of 
the tentirulur iiucletifi, and on thntugh them fnrllier downward. Tho 
ßbcm of the piilamen mn an exactly nmilar counie. 

Fjttemnl to the oorpu*. rtriatum lies the eortejc of the island of HdL 
In the narrow »trip of white substance which li*-« between tho cortex and 
th« ganglion, the atpmla altma, there is Stunted an accumutation of 
gansli^inie celln. known aa the clauetrum. Anatomically, this is somewhat 
difTcrent from the neighboring cortex, and it extends ventrally as far as into 
the olfactory field. 

Behind the niicleiiB raudntuis, the horizontal siH>tinn ohown in Fig. 160 
piBWa through the ihnUniui^, the inlerbrain. In front ot Ihis the pillars of 
the fornix ascend from below. The commwmra media, a thin liand of gray 
nutlet, extend» fmm tnu: thiiliimii» In the other. External to the thalamua 
li» the poeleri'tr Umb of the inlcmal rapsule. llie point where both limbs 
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meet has been named tbe genu {knee) of the inlemal rapauk. Imprese this 
peciUiiir ungiilar form ol thi- i^ujisulu Jutenia well upon your niemorj'. The 
relation oi tbc aopnrate parts of the corona radiata to the two limhfi, or 
segments, is probnWv tipfiroKhimtely wnstnnt, tind tlveroforecseewlin^ly im- 
portant clinically, [n the potitorior limb, for ihp most part near the genu, 
lie the fibers ruuniiijr from the motor zone to the extremities (pyrsmidal 
tract). Just in front of them are the tracts which »itand in relation with 
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V\%. 102. — Front«] wiltoii Uintugh Uiv lwii>brain, i'li>»r Lj«>biii<t 
th« pillar« ol lb« (orni.x. 



the nuclei of tin* fttfiiiH» mul liy[»oeloi»iifl, anti which ari« froni the lower 
«nd of the anterior central convolution. 

Ti«>liin(l the pjTiimidul tmct the trnctit ctegijrnnted u the tegmental 
nifliHtion are met nilh in about the lost third of the pi'Mterior limb, or ^me- 
whot more anteriorl;. Adjoining these posteriorly lies the tract from the 
occipital lobe to the origin of the opticus. According to clinical facts, there 
must also be Sbers in thi^ region which ])as3 from the cortex of the temporal 
lobe to the nucleus uF the acusticus, and aim fillers which stand in some 
relation to the sewe of smell. TIiu» there meet, in the posterior third of th« 
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poaturior limli tit th« internal cnpeule, «)l the wn^oty filter» «iid the fibers 
connected with the nerves of epce iai stnse. Bofulcs thw*. moreover, there 
•re here foum) i-oronal fibers to the thulumus from thu cortex of the tem- 
poral anil iK>eipituI lnb«s, and the teni]>i>ra-iM*üi[iitttl traet to the pons. The 
folUiwinp tijmiv »hnn's «linprammaticully the relttivu positions of the «epa- 
rnte tract» comjKMUQg the inlerual cnpsulv. 

All of th*a» nhfT-maMw«, Uivrrforp. ronvpii!» fmm Ui« cortex toward the rrfffon 
Ijrini^ liilFtnl In Dm- iIibUiiiiu. A putl of Uu-m rnlcr* the Ihalnmiua (('oraii» rnilulm 
at Ili4- tlMliitouTi 1 «noUirr part — «ml lliat lliv laipir— (lawira unilcr tlir llmUmuat 
whvn) it «iiilfi III ipm^la or puw« on Urthvr duun to th« ii[iiiul Mini, LMtonit tltat lie 
in tfc* oMilnitn MrMtovAlr mtyt, tbrcrfiirn, ittrglt« part of Uio lib«>ni o( tli« eotonA 



Fi|;. ISS.^ — INB^min of tbr iiitenuil nifMiiltr. in which (lie lotiillon of mmt 
ftf th« irftTli ul IllNmt whii-h ntinpiMc i1 i« liwlkuleil tiy tliplr intpwlivc names. 
ÜTlrrmltutm mnt Hahn, Moliir Irarl I» llw ••sirfiniltiw. faum ami .Vnt^MtV 
r'liMfrt r«*. Fiber« Irotn nink-H« chiiiIdIu*. rintrm ti»* .V, l.rmlifurtitU. Vibvn fron 
niH'Iru* trnUfiomili. Fnmltlr ItryrtrHbtilm. KiuiKul curllml (rail lo th» pMU. 
Oj>lleu*tiiJtfm, 0|iti<- flt»»«- Km»oii»clir faam, Hmuay Wlttr*. Slatlratts de» 
rhiil'imai, (itrunn rmiliRU «f ihr iIikIiibiuh, Shilfkmm ittin Tiuilamiu', CoroMÜ 
niicn to Ihp tluiUna». Trmtir>rj}-ofrtpitnle Rnirlmbiilin. TeRiporoor«)>ital eof 
tkul tract ta tlu pons. 



ndlalit. [liil bj nil tnciitia ■luay* iln thrv iifmliiiH- Eiymplomit Mhirli Intil un to 
«Uprrt BB lril«mi|itlali In Ihp Minilurtinf! pnhuay (Tom Ih» eatt^x la the jxTitihrry. 
Thtn i" |irotnbly on «rrtmiit of Ihr fiiH lli»t the rrmtm Itsioa »ydiptoin» nblch nutj 
\» dHrrtMl by oiir jup^nt simn« »( <)iii|nio*i<i nri«r only whmM^er llin cnlii* tract 
inrolvMl 1> «tMirorrd. It «^(■mii'» ilist «iimII n>ntRant* srv mitUcimt to oondurt 
vtilnntary InipulptM from tkr eawtrx to thr ilM-prt ]Nirta, or to muvcjr ariiMir]r In- 
ptMAlun« fro« tlip |wrt|>h(<r]r lo tli* cortvx. 

Ltsioo». in {«trticuUr, that do not Ik in tltc mrdullnry mlMtiiaiec undvr the 
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ci-ntnl rutiYuliitiuiiii — -UiHt ia lu tniy. Ifxionn which iiivulri- the Lvrtintl tradit to the 
poD* anil the tcgiD«nl«l radüiüan — oftrii (nil to giv<> rise to ftymptomfl. Focul lutons, 
on tho othvr linnd, Iliat invalvn the pymmidnl tnu-t produ?« |uiru)yiu» of (hv ofpOÜUl 
half of thr boaly, IliantM- »t Uir ini-dulliir>' miiIihUiiici- uiictcr thr (Mirlcx nf thp in- 
ferior froutul i-ODvolittlon ofl^n k'ndii to apttuitia. Morcovt^r. caitp* arr known uhlcti 
iiinke It. extrcniety probnblc that interruption ot tlir tr^irntal ntUtntion nmy laud to 
u tmiliitirnl l<i>w <if ■I'litiliility. Tav» lUMf T<-i'ftitly »li*rrvi>ij liy Uir nuthoT nhotr that 
lliv puiii« u'liich apiwir ufler u.pi>plvxic« mny at tiin«« be «splainciJ through the prox- 
litiily uf the lealon and th? itgmcntul mdlation. 

It Apppnrc f:«irly-«'pil p»tiihtli>hM Uint dlacMM-s whirh involve tlip rogion postiv 
riar to the knc-r of the iiiti-riml nipnult- — Itiui is. dim-narn wliich mnkr llir librrs 
ninning in t)ii* region Inonpable of cuixiuition — *)i«|ieii<t Th» motility of üie rntir» 
a|i)Hiiiite holf nf Iho Wily; llint li-kiori« 'lliiiilril in llit- l«<rininiti two-third« of the 
ptM'Im'idr limb dmt.roy Ihf irnnibillTy <>( ilip opiHnitv hnlf of Ihf bndy, or at letiiit 
diminlRh it Y«ty muii^Ii. In rt»»! cus*.« Ihp sens» »f 'Ifibt nulTerH hIm». und pnib«bly 
h«arlDK at time«. Tlii^ di»turbiince of »ight appears in tlif form ut hemlopia. 
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If you bear in wind what has Ijein rt'[*Btedlr »tiitnl: that all the Glimi coii- 
TMg* frnin the cortex townrd thp inl««niil (-a[Hiilc, it will he Muily tindcrHtood that 
bumII IniiuM in Uic int^-m»! rnpiiilc nuiy pmdiicr llii* «iin- »yniptom" ■» lotprr oma 
in tlic rfrntruiii aemloralp. or »till muri« #Mi>n"lvi< leMraii in the euitoK. In the inti*ntal 
<v|n<ulr liWr» hr trUne tuRether vibioh higiier up .11» spread out irrvj a ]{rcnt«r H|uic-r. 
For exnnijilp, n rtry pxt«ii«vi» r«rtirul iptrilnry iinip imliidini; bnth fvntral i-on- 
TolulioR* und Ihr (Hirt* of th<? (mnlal ami |MTl<.-lal oonvolutioAi cloM'ly hnnlcrinft on 
tli(-ni| inu»t lit- di-Htroyi'd if cuinpU-l»- i-ruM.nl hciiiiplfniu i* to bi' priiduct-d. A »iiiMllrr 
leaion in thp medullary snlMtane» of the ivntrum spmiovtilp iiixipr th<? «-«ntnil gyrl 
might have the ra,me fdtct. In tli<r intvrtml cnpnule, on thr othrr hnnd. the dfstrur- 
tion of a munII (XMlitin alcme of tht- jwiaterl«r litiib ■ulliiv« I0 ntlt (orth th* ratnbinn- 
tion of «yiTiptoni«. In t^Mu uf Ucitiipli-piii, thprefove, ue will alvrnvit think, fitvl of 
all. uf leaioHR whicli are in thv n<>iglib«irhuod of the Inlernnl capsule or ate «Ituated 
in it. if addilinnx) (yin|>tnm* dn nrtt ]iaint ditifrtly tn nther refcinns of Ih« brain. 
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RMi)ip4«giu froi» ^«iTtiral lp«i(in« «r« v«rv rar«. ir^RiipItyin« tlia.1 ptMi-M frum tb« 
nridbrain or Imm dccpcilyin^ fi"'"^ i^** "^" inore rmrp. rnitl ure iumÜ.v iu»i>riAtMl 
müh «)rnpl«iM ixvolving th» cruDlul nvrvox, trhii-ti incLWU' Ih* Rmt ot Ui« Imior. 

On Ikv oUicr Imiu). Iwlli lUintumicMl funniilcnttiona Hnil cUiimI experience teach 
IM Üiot cerehral a1TM-tk4i» Invulving alngle pnrtt v( tlic ttody — Iot f^xmuple, a. hjud— 
■ra aal^ vtry nrety iiroduoni by iMiotiit iii lliv itiiairiml <-ii)Mu1e. Thi« >•, indeMlt 
b ewi i»» the fibe» are so closdy crondrd t<^-tlirr ihrrc tluit a lerion «n hardly In- 
Tolve «»parBt* bnndlea ot fiben alone wiDiout involving Ihoao near by. Motiopl4^[iB* 
aid niODDipaaina nal iolreqUBttÜj ariiN.- from uortkal Inluiu, however. Tbcre ft 
toüan may cien be of rclullvi-ly laritc *txv bcftirc it invuln-ii a neiijliborinii oentoi. 
Tb« arc(>in|ianyiiiK iliKfcfai» (Fi|;. 104i »ill ««n« U> «^^luridal« ulial h»» been wkl. 
It «hviri w)ijr moiM>|)lrgiaB prnrevd more (m|ueni)y (rom the oorteix «ad hcmiplegiaa 
maiw (rM|ueatty fmin (leep<>rlytng part« o( the brain; Inr it (■ at one« aeea that a 
Imion uf kivbu exUnt locnte«! iii tlie cortex irin>- eaMty involve tfi*e motet alaiM, 
whenaa a almitar iealon «itualml (arüier bclu« «i 111 liitoh e Ute fliier« ol vMtnir oentara. 

Il baa not a« r«t b<-en kjtmi;d urtiAt »ymptoni« «(ipeaT vliofl Rbtf« of aaaoclatian- 
bumllea ftlono »re tnvdlrcd, on aecDant of the proximitj of tlicae flbcn to tlie coron» 
mdlftta. 

IVobably cvrUla (vmia oi dlriutbancca of apcecb, nadinc, and hcarinc belong tu 
tbia cvlefinry. Kuribrnnnre, IltÜP is known eonomiing the (ymploma spfMulBg ait«r 
a loM of function \f'tintrHon*iiMlath ft the eocpui calloraai. It appoan tbat undcr 
cerlahi conditiona It may be entirely dniroyed without tie appeamnoe of diatuib- 
aneea ol molilily, of ro-nrilinnljon, of aaBailMlity, of Hi* nflaxaa, of l]ie speHal aenN«, 
or of epcech, ynd without thi- manifcataljon of any coniiderable diitnifaance of the 
knleltect. Uncvrlalu gait, ullbout actual vertigo or ataxia, \raa one* obaorvad in a 
eai« of diieaM of the <4rpiu callotaab 



The iilieni of the cortma ndiata tenniimte, in great part^ therefore, in 
Ihc intcrbrain, in thu tlmlaintis opLioua. Th« Dtlier fibvn pus on farther 
doimward nnd bHckKunI in tho Jntrmiil r-np5ii1f. They thu» come to he 
frte, for the inoet pnrl, on tho unth-r curruci' of the hmin, behind tho ÜutU- 
IBU8. These thick, white bundles there emerging from the brain-mas* «ro 
(iMignal»! *f the ^oof of th« crw c*rfbri, p»$ ptduneuH, or eruMta (Kig. 195, 
below and to left). 

Ju ia wtn in the accompanfinf; frontal eection, this free part of the 
Internal caiiHule. the Gben of which curve candad a« the crus cerebri. Ilea 
Trntmi to thr thalamus. Into this fool, the pea pechmcttli of the orus cerebri^ 
paaa t)ic bandlis of thu frontal tract to the pona. those of the temporal tract 
to the pons, and those of tho pyramidal Iraot. The coronal fib*T* of th» 
optieiw and the te^ncntal radiotion do not cntor the pea. Farthrr cnudad, 
in the repion of the corpora qiiadrigomina, Ihc nerve-fibers which com» 
from the thalamus and from other brain-pari*, also tho«? from the tefrniental 
radJEtion, lie doraal to the pes in u portion corresponding to that of the 
thaUmaa, The fibrre from the forebmin. the intcrbrain. and the midbrain 
nn* there dividcl into a ventral port, the foet^ ptt, or erusta, — and a dnml 
part, the fr-rmrn/uni, 
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A vcTT inatriictivc »rction miiy be mad« n^liirh fciri?» iirt tileu •>( the origin ul Ibe 
flber* found iu Uiv pes. Take u fresh hmln niut cui IdIo ilic em« cerebri jicrjicn- 
dicularly until the iuh«tantia nigra i« tnet vitix. Th4-n turn the knife anit rut 
horitantnll; through both hemtiphcrcn in n dirfction nbliqurl^r iipw*nl ntiil f»r«nnl. 
'the MiTlion upon i^hicli ia tiuapd llin illuatralion ihamn In Vig. 3SS it mmJc In a timllar 
inajtncr. For the paiMUi^ i>( tli« Bhvn from the internal v«p$uU into the pea, aee 
Fig. ITS. 
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Fig. 105. — Fruiitnl iwltun tlirough the forrbniin ntxj iul^imin «Inse to the placa 
vheru the flb«ra of ibe enimula inleriin IreconM ftlirr» of thp pt^ p^dunciill. 



The tracts from the cortex form the chief auua of ihc pes. Doreally 
there isaddeä to them a sniftll tract which, coming- from the corpns striatum, 
terminates in a ^nfilion situated doreal to the pee, in the fiih^tanlia nigiB. 
It is the stratum inirrmetHtim feduneuH. 

W^ «-ill now turn niir attK-ntion to thr> rorput tiriatum and the fiber» 
BjFfitpmH arising from it. 

This larjre ganglion, sihmted at the hasp of the forehinin, ig divided 
b; t]ie flhere of tJie iatemal nipsule arising in the cortex into the nucleus 






Icnlifuniii«, l«K.-ateJ lat«ralt.T, «ml tit« nui-luue cnudatue, irhtch lies <Ior$aIl}' 
and mc«iolly. The micl<?iis lentiforniU con«i»W of an out«r divwiou, th« 
putainrn, ami two or more iiiniT divUion«, \ha globus pallida». From the 
pulatnen lad from thi" nurhun cauilntuf arise« Iht* filier-s_)8K-ui of llie corpus 
*tri«tiini. Moreorer. tliv corpus strintum i» truvi>rM*d \>y a evsleiii of fibers 
originating iii the eortex: the tcgiiieiitul radiation. 

Tlio fiber-sveteiii of Ihe corpus »iriatum iwt-If coimoct» (ht- «mi- with 
the gaitfclia of tlie interhrain. tt |Misei>i>. in inrt, in the anterior limb of the 
internal tap^ule, in part — bo far as it coiuce from the putanicn — under the 
ittternil (^niiiiiilc At the lioite if thp bruin, to the interbrain. Thns the latter 
portion of libers must «»rrviiind (ho fibers of ihe internal cttpi;ulc at the 




k. 



y\f. IMl — Tin- fiber- If aleiii vrhldi orltM fruni Ihe nucktu caud«tiu and 
pftMTO lu IW x«n|tlU «t tkr inli-()miin «ltd initlkrnin I ItmlUtin Hlhn-lluiUinifs). 
Th« Hhrrsj-Htnn at llir h-olicuUr nui-kiu u not rt|iitamteiL IL would run trom 
Ihv »hwrvrr lutt«nl IW thalamuk. 



pUce where ther come tu lie Free at the ba&e of the brain as the pee pedun- 
culi. This pari \» diaixiiatinl w the loop of the leoticidar nucleus, or «naa 
Irnliformia. It contaiiu ea^entiallv the fibers from the putamen. 

We are here eoncenw"«! with a it-TX old fiher-«ptcin, one very important 
for the enire nieehnnitjm of ihe brain. Kor in all vertebrate«, fnim fishes 
up to niammaU. there may be denionslrsled a well-delineil bundle of fibers, 
which nrines in the eorpi» alriatnnt and in part terminate)) in a nucleus of 
the interbniin. In part paawA on farther down. In man it is to l)c found 
with diftirullr, heeaiuM- sn many tract/ from the mantle region are nw*ociated 
with it Yet I have reeugnmcd thi» basai bundlf of the fortbrsin in voniig 
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embryos, and it ie probably the Sbers of Üiis bundle which Wernicke and 
FUthsig have described t& ahsins Ctooi the corpus filriatiim. The latter lias 
nUo recognJKcd the connection with the thalamus. It hu already been 
deecrihed in the chapters on comparative flDHtomj and there designated as 
the Iractm strio-thaiaminu. 

Reoentlj, lioweverj I have »uccecded in fully cnUblbhin^ tbe «ouno of tho 
trMts arUng fro») the corpus atrlatum In the bmiu ol a dog trom wbicb the cortex 
bad beou coinpUt«)^ removed. In this nniiiiul «x|i»rin«nt«d Upon, all of tli« Bbcn 
of tba corona radiata cominf! from th« cun«]c wan •acondarilj' dfgen«rat«l nod liad 
olmoat diiuppeored. It uas ihtm rcco^lzcd with all ccrtuioty that v«ry larg« fiber- 
nutscs developed from tlie bead uf tlie nutleua caudatua and from Uie putaiutm, 
which poaaed toward the base end at Ih« «imp time ■o[ni?what poatcmrly in the 
Mit«riQt diriiton «f tJio intrrtul capaule. The gicatmt pnrt vi thia flbcr-moH tunicd 
iiiwatillr at one» aiid waa loat cii the tbakmte 2<»itiin. Thu |iiut Üint extended 
farther doirnward (rradunll;,- puaaed toward th» mcdiun line to disappear in the gan- 
glia ill the rcgioiD bclon nnd bohimi tho Ihalnnius. In thr rr^co posterior to the 
corpora quadrigemiua. the entire Uberiyatetu, onterlotly ao larg«, had panted over 
into the ganglia, lis latt iniota uere tuhvn up by tlic aubstauli» nigra. The re- 
acarrhca hy Matutim iind by ilifuakoif upon the «citindary drgfnrrat inns n|i|iruring 
after dlacaae in the neighborhood of the eorpiu alrhitum ahow that in man alao the 
fiber aj-oleni uriaiiie there liaa the relatiooa rcpteaeated in tJie diai^m oppoaite. 

The rüäUtiio sirio-lkahmica form», Ibereforr., a large and imporiant con^ 
nerJia^ pathway httweeH the corpus striatum and the gatxglia of the interbrain 
and midbrain. 

The fibers of tlie tegmental radiation, from the cortex, \f&aa between the 
division» of the globus pallidus. They puss througli thin aa white linee, 
and eollect at the bag« of the lenticular nucluas to fnmi a definite biindlu of 
fiber», which is doreal to the ansa leDtifonnis and passes mesiullj exactly 
tike this. It later extends into the medulla oblongata. 

Most of the fiber» of tlie tegmental radiation pase metnally into the 
region vhich Ilea under the thalamus optitnis and i& named the reyio aub- 
tkalamica. 

The acvompAnying illualration, s siectioii (hruu^h the hniin of a fetus of S 
months, ahowa the rclution of the legmental llhi-is to thi^ IrnlJcular nucleus. Ex- 
eepting the fib^ra repreM^U'd, therp an* no ntlipr mnlulUlril lilit^rt piesrait in the 
■riitir«! cerebrum at tbiH «-mbryonic iiUi([c. Tbe flbera, in particular, which arise !u 
the nucleus raudatua and the putamen are still entirely- wanting. Onljr aKer the 
i&VMtigtition vf tho fetal brain uns i( [X)6«ibli- lo explnin with rertainty tba relation 
^^^^ of the lenticular uurl*-tM and the Ipitincnlal radi.itinn to onr another. 

^^^^ Tn mammaU then» exial» a small flber«trai?t which paa^ps latemllj along 

H the entire extent of the nucleus caiidatit». It begins in front of the head 

■ of this ganglion aa a few fibers which appear to couie out of the head itsolf. 

B The tract incrtmsc« more and toore in size povturiorlr, but becomes smaller 

L 
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in c»tuct|ucncf! of Üie »lendcnic«» of the tail of the nucleus, and is ti> he 
tni(-v(l n<i furthcT Uiin l\w dulIl-iu iUclf. The bunrlK' lit» in thi- nnfjla 
betvocn tin- surface of the nucleus eaudatiis BSd the nK>f of tlio Tcnlriclo; 
tho f\htin of the corpns nllMiim radiate directly ovtr it. Thi> filww of thn 
bundle appear to mc to eome from the nucleus catidaliu itt^elf. and (o rvtnm 
into it tgain. It is itllnl the amtifrialion'liuniHf of the nurltun ratalatu* 
(SiieJu); but [ cannot «harplv «vpanite it from tUu fruntxxx-ipital amocii- 
tioii>biindle, which lie» cliwe to il. 

Yuu hare now bivomr anjiiainlcil vith the origin uid tlie proximal 
put of a large nunibcr of the fibcre whieh gQ to make up the forebraio. 






V\g. lltT,— »onUl «.•cliuii llii>'U)tli llH' brnie of n (cIuu «( about ttiirtjr- 
two week». Ail ninliillfll4^1 norvi- IHmt« »tnin««! biotk by htcniatoxytin. T«^- 
tnant«) n(li*Uan («tkovci, wnu ImitiliirniU <tN>luwt. anil nntvhor «imiRiMure 
Ibtiow «nil PxU-riwI) Mo mcdulblfsl. Ni> itioltillalKl filicrg «rw u j-cl «ceil la 
Uw patajtMO bihI the Duelcai t-notlulu«. 

Let tw DOW turn to the regions where the majority of the wcduUated troda 
of the cvrchriiiii lerniiiiaii'. 

Back of the cerebrum lies the inhrbrain. Ite lateral walli« arc the 
tkahtni upliri. TlieM* ennitinl of several fn*Y nuclei, which are not iiharpty 
Mpontecl from one another. White raeduliatwl ßlior«. the tlraium lonaU, 
cover the thalamuA. They mny be tnteei), on the one hand, in a dire<*tioa 
tuwnrd thr liam.* kT ihn brain into the optic nerres; on the other hand, \ 
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appear loarine fr»iu the poüterinr parts af tli« capsiila interna, perhapf) from 
llu' optic rfltliation. All piis* into ihi.' ilcpthe of th* tltalftniii!:, whi-re ihey 
collect into liiindlvü liPtu-een tlie ihalamir ganglia, and lliut- apparently 
Mfparate these froto one another. Micrnacopin investigation shows that they 
ppnetrate into the fifip net-work of nerve-fihers which perraflesthesr* ganglia. 
'I'horv may hv «lietiii^-uifhnl in each thalamus: a mtsial (inmr) nucltus, 
which projcicte into the ventncle; a lateral (outfr) nveleM; and, bctveen 
th('f.f, iht- anifrior nurlev«. 'Pho lutvnil miclvus is t!ie largest. Tlic anlorior 
iiucU'UB, wiiU itK Wunt üiiü cUrüciwI aiit«riorIy. appears a» a weilge driven in 
hetwpeu the other two. Tliis anterior, thicker end, which is visible an- 
tfriurly ns an flevntion on tin- surface of Iho ilialumua, has been raut with 
earlier umtiT the iiume of ttihercuium anleritis. 

Thi- pulcinar borders on tlie medial iiueteue, and ii^ not cosily separable 
from it in man. It is a huge "cushion" (Polsif^r) which, occHpying the en- 
tire posterior division of ihc thalamus projictis like a imnar ilVu/j»() into 
the veiitricle. On the median border of the inner nucleus lies the ganglion 
habtttulir, prc\ion«)y nienlioned. 

Monaliiitf, who Iihb recentlv »iiulieil Ihe thalamic nuclei more tfaor* 
oughly, proiKJue», on account of the alrueturc and the entering radiationa, 
lo Mparate (he vent ml rt-sion nf the hiteral nucleus and ilf^i^iiiatf it, along 
with several other small nui'lei-sroup» ■»hitli are nI»o situated veulruliy, aa 
the Ffntral nveUus of the thnlamu>>. On the thalamus posteriorly there 
lies, vejitrnl and extortial to the pnlvinnr, a f^n^rlJou of a [loeiiliar Rrayijih 
appearance: the corptm iffnicutatum lalfralr. It projects far into the sub- 
stance of Ihe thalamus, and gives origin to a large number of ßberg of the 
irarfus opticus. 

IvKternally. the optic th&laniue borders on the imemal capsule (Fig. 
160). Niimeroiis tracte, the toronc radiata of the IJialamut, pass from the 
cap&ule into the thalamus. They come fmm various directions and crosa 
one anotlier as they cnnvt^rge into the thnlamiis. Masses of gray matter arc 
found within the net-work of crn.«sing fibers. The outer zone, containing 
thenv eros«e<l filierd. i«, from its appearantv. deüi^rnate«] as the "latiictiP 
iaijrr {(litlrr.ifiiirhf). Since most of the niedullaleil lihers converge Into the 
lateral nucleus, this thus appears lighter than the other thaUmic nuclei. 

The thalamic gantrlin atrophy, to a large pxtcnt, if (he cortical region 
from which they receive their converging fibers degenerates or is removed. 
The investigations by ilonakotP. espeeiaUy directed towani these relation», 

bow that the nu«sl anterior and me«ial divrBioTiw of the» thalamus ar.-- ron- 
teil with the convolution-groupM of the frontal lobe, the Intenit nuclear 
groups with the parietal convolutions, and the ventral nuclei with the 
oprrculum. At presi'nt not the least L« known concerning the physiological 
significanc«' of Ihcsc pathwa\>. Some of the other thalamic radiations are 
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now butter undrntood. KirBt of aJl> there are the üben (roiu the parietal 
region to tbe Ycutrol imclcus. Tlicy must contain, as 1 have prcvioiuly 
elated, that portion of tli« s«;näory libi-r-flystem nhieh passes lo the cortex 
from this nucleu«, «-here ii |inrl of the fillet tcrminateA. Then wo know thit 
tlie greatest part of Ih« litters mnv«rgiiig into the pofilerior ditision» of the 
thaluntis, tvpt-ciallv into the pulrinar and the corpus geniculntiim luteralff, 
nrtma from the occipital lubo. and represents the »econdar>' pKthwa; from 
the phmar; optic tenninalü lo the cortex. 

Ttie inner side of the ttmlAmiis i« separated from Ihe ventricle liy a 
uniform layer of gray matter. This U called the antral ^rai/ matter of the 
middle (third) ventricle, and oonsists of a liwue rich in cells and truvvrscd 
in nit dirfotious liy niiiiioruuii lino, im-didlate«! nerve-ßben^. 

SfhiiU, nliu lui* »uuJc tbi* (tb.t imIIit k *al»jr<t v( nperinl aludy in hmii, 
fuuiMl that It codtAlas ■(Tereat tnu'l« Irani alnioil all ol tike gMbfUu Burrounding th« 
third ventrlcl«, und, utiat ia parUrulnrlv Int^tmUng, that It Acgeti^rnU* like tfa« 
fllim iif till- crrrtitul ntrti's in |trivn'*'i^~<' iKiialriitw. A tmrl i>f fine, tl)l^dllll4llnl 
0lMTe, vhji'li limy Iw Haml in the grmy iiintli>( ln>in th» third vmlridc ilonii ni (nr 
«• IL« uutM vl llu; li>|>ug1oMiu, tiita l>«¥U umiih^I I'v Lliii Dir it'trml /vxtfitBdi*«' 
bumdle til iht mntntl gny lunUvr. It b. fur Ün> imxl iiart, niwc-iallir ndl il«llii«d. 
and coniilniill,v li<« cIm* UDd«r th« q^ithclliim o( th« V('nln«lc. 

In [ht> median line cif ihe hrniii iIk- irntral gny matter forms Oil* floor 
of the ^t-nlricle. There here nin arrora in it from one hide of tin- hrain to 
tlie otlicr eevcral «It^dur tracts of ßbers. One of tht«v, ilepnert'a torami»' 
tun, h hi;tt4-r defined than the others. Ite 'origin and destination are Hot 
rafficivntlv wi<ll loiown It was rvtaim><! in the d<tg after complete de«tnifr- 
tion of the 4'ortex. Oudden'a fommtMrun, lying anterior and ventral to it, 
we will become better in : 1 with latrr. In reptiles, MeyniTt» com- 
miaauro atiiH from ihc ::i ' <i uucU-u;^ df the central gray matter. 

Th« central gray matter on the me«ial mirfacc of the thalamus unite« 
with that »f Ihr nppiisite f.iüu for u diAtnnn' of about threc-fourthe of a 
Cfntimelvr to form tbe commi-^ura molUt, or m<äiA. 

In man few tneilullale^I fiWrs mn in tt. Whothtr a comrniestir« which 
i» prt;K'nt in Itm-ir \fH(.'lirates in an analogous location, and which ii^ much 
richer in tthcrü. is idontirjil with ihc cummis«iira media atUl remains to ba 
dvtermini-«) (w-c Fig. S2). 



.VUal ha* *hn«m lor titv nbhii ihnt fiirh of tlu> llialBm»<> nnrtvl is üfjün dividi^ 
Into fruni thri-r lo foiir •uliiiuclH, »liii-h aro Mail; <ti>tiiij!Utflliat>1<' from unc nnotltvr 
b/ lb«- Whavinr «f tl»#ir ri>IU (»ward alains. .Mutrotor, lip baa dn^h«d la thia 
•nlraal; ■ nuvim* u( lb« "UIUi-thI" Uyvi uixl. nntrrii>r <•• tli« K""Kf'<i>i bnbi*auW, 
Iba niK'Ima üf ih» nM>difln lino. To ibnu*, Ihrn, Ihrrr niisbt flill br added the anuill 
novktlA niBfni>*roltuI«rl». tdund III lite RiiMt ait(#Tinr |ilai»M nf thf ttiabinini. Monolttno 
liaa alunra Hint tlir rnr|>iM |<«lCTitatuiD lalcnli- is divided itUo (Ire nurtel: n iloml I 
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an9a Itntiformü, ett. in proportitm io it« mormon» mass, the Ihalamue itnd» 
only a few fibtr» dottnvard. 

'Hie tnotB arising from iho gfirgli* nin, for the grofttPr prnl, in two, 
white, tTaiiKr(!rei> laminu. piiii^itig tliroii^h tliiiir mass: tlip lamina mednUaria 
txttma »nA xntrmn. 'Die th^alaniie flbtn' extcitd fantior ilowiiunnl only to a 
yevy limit««) «xlvut. K«((«atijill,v but a single liundle. (he supi-riur tlllet, com- 




Filf. I4B. — tPrmn tb« doKl KrouUl mvUoii whU-h i^tw^ n|>p(wü mainly 
tkrniifch th* aiUvrior Itiinl of tlu* iliulnniUR. I.Jkr III» folloninK wclioiui. il rt^ 
<|iiliw otil)' a f*w iviirtia hy «'ay »f ■tip|il»m»nl*ry (-Kplunitliun, nmv nil titv jMrU 
»n Irllmd. To the ritihl nml alKivr. tlx- tlU-rA intra ihr niBntlr |uun down into 
Ibr Internal t-a^Mutr. Inlrial In Ih« iviritu'« «(nuluDi. Tticy thfre meK nilh th» 
larp Ibrf-tyvtcni fti>ni thr nuch'ii» caudi*!»*. pcndrnte it, «nil fH>nr<Hgc, in |wrt, 
a» thr cnrurui nuliala into llir blRral Uialmuin ipincliou. Mu«t of Ihr dlwn, Imiw 
wrr, rpnwin in thi< po«tiw>n naniMl, sikI [um baeknrard. This part tntut 
Ml mill nil«! by iki? Ilbrr ny^lviii of th«? mqm^ Mriatuni, wlicn Xitt mihi- |iii<>«iS 
loManl In iu timnkiMl In IJio |r*n)llin •>( llu' liiti-rbTaiii. To llio tmots tliiu cui- 
l>T«M-tn|' IliT IIU^T" llicrc ai* adUwi— cU"-^ I« llip ba»r — ih* trnita from lb* |>iil«- 
ntcti. «hirli ttam uilli Him» the anm IpnlilMnii». Mnbl In litt liundir of llw 
■■M, ilNBily mn Mtth lif-r«'. Um Ihr «Irndrr radiaÜMi |muuIii)i frain ibi* olfartiiry 
1I»M tu Ulli rufjiun Hill III) 1 1 II rr. Vtaia ihr uHarlofy nullalk»! ihrro i* |ti«rii off 
al thin Uvrl. ami farther poairriurly, IIm> bundle iif tUi* lii-niii Ihalaini, which 
aM-niiU ilnruilly. Tlit« !■ «rrn it paa« a> far ai the rarfan- oE thr Uialamii* Mi< 
than to tiim iMrkward in th* gnngllno habniulip. TIk bundle of Tin) d* 
pmhiMy hHnnjr* In thi< nlfadory appanitiiit atut: H (lin'<>ln]M fram th(i mMtitla 
ca|iaut« ai Ihr aiitrriiir tlialuinii' tiiictniii, wliii'li in licir <ul id the «crtiun. 
/'nM-rvnsr rf. yioiufHjmivr.. Fibrr-nyttrni of (lir oiijiuo *trlaluiii. RltrhMI Zte. 
II.. (lirarlnty liumllc, iiiUrhrniit. }it«bkttiii: HUM I'nrlrr, (Woiui nidiutii (rum 
nirlri titnUcran: t. V. tat^ Corona rndiaU In niirlinu tatiTalio. 
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ing fTom the strin tniHluUans extrmn nnd particiilnrly from th« ventral 
nutileiis, may be tran^tl a% far nti ttic end nf tlie nhlnngatA. iiprliapc intu tlie 
lateral columns of the gpinnl cord nlno. The «tria medullaris mtrrrm is out 
traceable beyond th« midbrain. From the raoet posterior thalamic refnon 
arisen ihe radiatin Ihitlami rrniraHn, the t«;nnination o( vhich is entirely 
unknown (oblongsta^alural columns nf cord). 

Un the accompanviDg very diagramniatio lUuetration (Fig. 168) is to be 
etudiod thf? relation of tii*- Ihalamiis to the baBt- ni the brain, to tlio t-ontral 
ventriL'ular gray malltr, to the cajii^ttla interna, and tu tho nucleus lenli- 
foruiifl. 

You will oWrvi- »ninctliinjf in this iwctioji that until now could merely 
he mentioned riirsdrily. It is the rcjB'inn internal to the lenticular nucleus 
und ventral tn the thulamuB. There are collected here aeTcial l!ber-stranda, 
running somewhat parallel with one another, which, in part, cro$6 the in- 
ft-rior portion of the eap^-iila intern« nt an angle, in part jwee on orcr it. 
Thoee (Ibere which are superior belong to the Ivnlicular fiber-system; ihey 
ftmn ihe anfn Ifniifurmis. previously meiilioned. The infi-rior fibers are 
the corunal litters tu the thalainw*. whieh cnine from the occipital and tt-ni- 
ponil lobcä; they are designated a» the iuftirior ptdidt of th-e Ik.ilamus 
(u. s., Fig. 159). Tlie t-ntire mui« nf filit-« iiicl with in »eeliou iu Kiji- 108 
ventral to Üie nueleu« leutilorniii^ ia failed the rvbsiantia innomitmta, 
Jtiet behind the substantia innomiTiftta the tlbere of the copstile, vhich bo- 
conu' the pee pediiTicuii. or erii^ta, emerge at the ba^' of the brain. 'ITio 
subfiltuHtu inuuiniiiata bounds the erut^ cerebri at the nnlerior end. It re- 
aembles a loop laid over the peduncle in front, and ia therefore designated 
ta the ansa peduncuhirig. 

The diagram (Fig. 159), moreover, depart» so far from the real up)iear- 
nncr that it will be advantageous 1» give some attention to the opfKisitc 
illuetntlion of on «etual section through the tlialnmus of a dog (Fig. 169). 

FriMii Uita mid Uic follDii iiijc illtidnitKiti* you will iil>tnin u Wller Mra of the 
Btnietwr* at tUir intcrbrflin than I i-ouM pivp ynti hfrHofnrcu Thpy »mlidn 
nomrulmt more ilclnil« ipcdirlc* of the thnlomtt* niteloi. pir.t tlinii wrre mrntrnipil 
in til* toxt. Iwi-aum« i!ipj- nu- iiitonilii] t« nfford nn o|i|iiinunlty to «IihIj m-lunl »«■ 
tiuiit inorv rl<w«ly. 1 tw^f to mnk« um* of tti«*p illii*trationa Hgnin at ib# vnd of tliia 
and th» next chapter. 



In till' ]>reiiHltn!;' two ehapterti it was necessary to deserilie so many 
brain-Mtructiire« by themselvea thai I fvar I can hardly have succeeded in 
giving you a corn-et idea of the relation of the«' part» as a whole anil to one 
nnothcr. Such ii roneeption munt be Ihuroiighly acquired, however, bt^eanse 
even H belter knowledge than I have been oble to );ive you of the fiWr- 
syetcms and ganglin will be of little value when you come to elady s brain 
topographically. The time has arrived, then, when I must demonstrate to 
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ytm a series of frontal sections through an ndiilt brain. Ther mny serve 
a> a guide iu 3'aur own inrestigatione. 

For (opographiral «t»i]j I odriiv you to plan an mtlre. uncut hratn tn 
percrnl. formol totuti«)« {Btum), am], nftxr tnini four to H^it d»,**. (<> mt it up 
witli a raxor iiilo »cctioiia abouL 411« centimeter iu tkickncm Tliv illuvtratio«* which 
I hvrn itm«nl I» y<iti hif made from MVtioiu prcpar«! in Llil» uiaun«, ller« and 
there an etamltutlon In water with the leai trill prove ndvanlngmiui. 

Tb« flrat •ccLjon tlint 1 make (not shown here) puaM n few «entimeten behind 
tbt trAnlal pole o( Iha brain. SurrnundM liy thp mnvnhitioni, which «t« hero sninll. 
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mcitalna an hnmo^ncoiit nhite mnoe ccnutituted nacntiall}* «a (ollon-«: Jut 
nadrr IIh> rartrx it i« ru>np()w-d of «hurt aMociation-tHindl««: bviKuiLli thrae of Uw 
oaronal flln-n t» the llialaniut ami tu the ixm» luhkb Wpiii t» |nim dovnwnrd «vMl 
bere}*, nn<l. Anallj', »( Utp Ironlal enda ol th» lon^r awMxiation-sfstefn«. 

Tlw t^rttoA w<-tU>n tV'ig. 170) (a nad«! a few nlUimetm behind the befrinning 
of the cnrptw calloauot. It )tut rule throHgh the gtau of the rorpua cnllomini, the 
■Hoat aotetinr Ahors rtMinrrting hoUi hMniti|ih*n<«. A preat jiart vf tlu-ae AImt« ii 
cut away latcTMlIyi it ia tboee fiber* which tum anteriorly in a ffcntle etirvr, and 
Uiua naturally ax« chleAjr eontalned In Ow portion of bnln rrmoired. Directly lateral 
to the ftbera o( Ite eorpu« ealtoanm thara it eut the gray «ubalanM which surrnunda 
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Ui» lnt«nil vontriclr; tbKt it to my. ita iirl<>ri<n- hum. Intlnrd, ■( wvdthI points, 
th« ventricle iUelf Im» htvn opened. 

The irfiiir. mrtiuUnry »uhiiaute lateral lo the rcLo^tstriciilnr gnj tulMUnee 
1> formMl, fintt of kII. hy tlic tntcl» from the Iront«! lofv to the «aterlor limb of th« 
interoftl capsule. It U »[iticu-viuintcly tlit* rcjoün «liich ia deeignated "Ad crut ant." 
This htindl?, rut irrniMrprwIy, in then «nrtnvn <■■■>) vniimll}', ni^ in part aplit np and 
lnt«riA(vd, by fiber« of llie corpu« enllMUin And by lonj; OModfttlan-ftbeTa, wlifeti 
belong lo the faBL-lmlut undnaltu. 

Dnraul to it lie« the rsgian (indieiit«d by liglit «hading iu the iUuntration) In 
yrhith the fiwviculu» aicvHtuii eprt«d> out. In ttddltion to this there are next, clo«e 
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nnder tha eortc>s, the eunred Irncta of the short aModfttloo- path way*. Orer th« 
cniiro aica there are dtepoee^l nunicroua Sltm, whkh poas, in part, to the thKlsmasi 
In part, havo an iiiikmiun miirtt. Then la probably quite a iiiimber ol aaiodatian- 
pathway« her» alAu. Rven in the plane of thü »eclioD, in tpecimens hardened in 
chroiBV-anlta, the cingulum may be met with, cut trantveraHj, just abore and below 
the eorpua caQoaiuii; and, dorao-mestsl lo the libera of the corona mdlala paaaing 
to tlifl iDteraal oapnüe, ia also net liio unteriot rjidtution of the fruuto-occiptlal 
aaaocia tion> bundle. 

The next leetlon (Pig. 171) la made jiut behind the genu of the eorpus oalloaam. 
DoTMlIy, it pasK* Ihrougb the body of the corpus calloMun. ventrally It rata th« 
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most poBlcrhir portion of the [nkriar liinb of Uie nir[ru« mlliMiuiii, i)i« rostrum. 
fMwwn tbfM' twD parU liM tli« iniwr wnll ot the liMinH[iIi«ra, Ui« vrnlml portion 
of wbkh U tlniicuiil^il ■! tb« nrv« IlrocK, the more dornnl pnrt m llic «cptum pd- 
lueMum. Tliv v^ntrlrulu« *p]>II I* i-biblv bclwcvu the tno «>)]■ u( tb« •cplum. 
Tb« Mnlcrior born of thi^ x'vDlrii-li^ U liow vii^lv «|<«^i.'(l, »nd Ihn Ii4«cl of tli# ntirlou* 
ciiudatiM in rut Uirough ita frtn^tcvl «xpanir. I^tmil to thin thr fil>m al llir in- 
teraal mpwile |>bu iIuhii (ram tli« frantk] pole, with w)ili.'li there Ls uaaocialMl tn 
vAUL'tly lliu rtsk») tke Largv Bb«r-fj-»t«tu piaring frvni tiie niidrui caodatui to tfa« 
thalaniua, tha radlAUo tiUio-tlialwiiica. 
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Esl>m«l1,T to Ihr Hifmal mptuh*. hi-rr MiU inliTTfipl«^ b^ roanf iMtlda 
gray nwllrr, lim thf mi»l mitviivr |i«rt of Ih" pilutiw'B. Then Mluvr« tat*rt]l]r 
thr rapiiulit rilrrnn. llir rkusinim. mid Ihr dhmIuII« nrid c>nr\ <if ihr in*uln. The 
buriculut iiiKluiua U lr»t in Ihr ttrat. TUti «Mtlon iilrcady »Irikt» tlie aut»lor 
cod (it (br K^lvMii IWitrr. 

Til« mtirv dnnal halt of Hip «rction la occupied bjr Ihf mwliillarf maaa«« that 
hM* iiW frKin Ibt 1lirM> lr»Atiil <^n solution«. 

Tbrjr couaitt, lor lb« iiio^t [larl. ul atMX'lutittii ftlwr« that mnttn't llir ririotu 
«f (ha haamphfor« ultli nnt- anoMinr. ntnrf njirrUth' *uch ribrm aa iM'tuii^r to tlia 
bronlnl l«W iUelf, but Ibvrv arc vonr longer »bcr« »I*», m lh«< ra^cit^lil« atciuliw 
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and Ute fronCa-orcipiüil B«MK*iiitüiii-biiiiillv. nt^ida-H thnr, tli' rntirr wbili- nitttullitrjr 
substance i» Iicre trav«r»Ml by llbent of tlic corpus titlltMum. Only a fi»w whit« flben 
pMM from thia rcf^Dii liit« the cmixHiU intrniu. Ot Ihr trnct« Üint nrc importuit 
dlnkall}> tlicrc am «'Hcntinlly unly Uio mrunul filwn rrom ibü fuciulis niiil hypo- 
gloMUS eent*rt, ■nil Ui* -pi?*i'h-|>jilti-H«y, llie I mni«« c-r««- wt'li.vn nf wliirb i» to b» 
umumi'd n» lytnff ■nnirwhat liitrriit (ti thr fasHciiliis fninto-ornpiUiliii. Tlu' vi'til.r*!, 
carliüiil itßion belangt to the |t,vrl nrbltalt^. uv^ wliidi Ibe alfnelory lolj« pawes. 

A Bcclion niadij only u liltlc further bai-k piwwi tiiTougli tho meat (wetci^r 
piirl of Ute M'ptum jwlluciiliim. nnil nuu rtiU the pillam i>f tb« fiimix, wlilob nacrud 
tb»r«. I domonetnile sticIi a. tr»i\»vtnie »ection [Fig. 17ä), becnii»» It U sIao wfll 
»dnptcd lo ebon- thi^ course of the (omtniwui« ntit«rior. tbr <lr<TrMw in »isr of the 
bend nf tlip niidcii* (raud«,liui. mid the inemit« In tilut nf ilio lenticular nudeiu. 

Tlip trinni^lar, j^ray miiua bctwcvn tbv •.■orniiiimurv Aitil tli« (;nii(Uite iiti«l«ui 
by ihii time beloii([i>i lo th* (wnt.r»1 (fniy mmiei nlilrh rorrrs «vvr tlie UuUriun. 
Tiie M-hilo Hbvr-trart tbnt ccntr* thU m«»» utid proji-d« he* inUi tho rcntrUI« Is 
the strU tcrniinalis, especially that part of thv Mnic nbich arlees from tb« anterior 

(■DltllJliultTI*. 

Jimt paiil«>riurlr tWr« U<! in tbt' name relation, and harinpi n aimilar course, thft 
tnitt» of tlie Ijrnia tbnlnmi. V'eiitmlly. Ihe olfnelory nirti liejnn* lo npprnr. 

A Mi-ttoii iiuidc i']iH«tly wbtPTe tbc ulfucloty Inbe btvoiiiM intimately eoiitiect^d 
witb the tiasc of the brain <Fig;, 173) sliikes, farther dvisall^, tlie posterior porti«n 
of thr »rpluin, whtrrp bid fituiitt Ihr jKwtcrinr pillnni of tlip fornix. TIicj«! luiri^ 
r(iiiob«4l UMiir pretMl pottition frnin the poütero- ventral region of fit» brain. Their 
IraiuvcTM- Mclions nill ■>« met »ilK iu »11 tbe KiKcn-diiig illu^triitlonn until boro 
In (runt, u-bcre tbey turn toviiird tin- )««■ nf tliv liraiii and ]iil*n vvntrall}' into tbc 
centiiil jprny matter of the tcntrkle. 'Dieir uval fr'nittl M'etion« lie in the gt*f 
mntler dirwtly in front of thp trnn»vctw fllaTu of I.lic commiimiim anlrri<ir. 

The Ut^ral ventrii^lt'. ht-re tmly a Awure, We* Inti-ral tu th« plltari of the fornix i 
into it project« tlic niosl anterior portion ol the thaUuius, tliv uuvleii» anltrrior- 
Thia ia mvcird nvnr by uhile libi*n, which p>>nrtrnl« tnl« ita fntrriur, uml hern 
Mparate it from the mirleu> lulrrnlJs thnlnini. The thabimuB here receive» Rim* at 
it» Intrrnl and nt its ventral Mirfarv^ The latr-ml AlirT* rome from the tapniila 
interna and tie]tnig, iho «iirri<> u* Uie ventral fllt^r*. tn the ßbrr "«y«!«!»* i'[im[ii(r itnm 
till- «ortes, n» well na Iruin the rorpti* «trial um. TIio«e fiber -Ira et», «Hpi/i-ially, nhicU 
♦Bier at the ventral pnd an« plainly formeil by the inferior pedicle frorni Uie l>'in;iiinil 
lobe and Che lenlictilur loop frnin the i-urpuii «Iriatum, 

In the plane <:•( tliin »«(^lon Ih^ ßber» from the anterior central gyrus have 
in lane» jMit bc^-onie inin^ltKl with tho»i* of thiv intin*nal ciipKuh-. Tbi« miu ccinlaiiu 
at Inuil the coronal fihcn for aight, the motor Hp(>eeh*pathnay, llie bT[ioK'"'*""* *"'*l 
a part of the pyrnini<Ifll llhcT'syxtem for Ihe arm and hnnd. I'lhera Ironi the caii(Lile 
nudeu*. "hich run vcntro luxteriorly. (ni» lhn>ii|rh it« Irapt» arlüinfr from the 
maaÜ«. The wliite medullary «ulistam'e Is still formed ecoientially »a in the previous 
wwtltms. 

Lateral to the eapsnia interna there is non- met with the fireal««t ex[uinse nf 
Ihc. corpus «trlaliii»: the piilanien uml the two division* of the jclobii« {Nitlidii«. 

Xiitm-ruUii meiltilhiry radiuliuna ariM» in the flrst: they {ms*. in Inroe poit. into 
tbe lewtiylllnT bxtp |ilu^ lentituruii«). Ventral (o the eorpit» »trialutii Ihv tmu»- 
rerae section of the ronimiwurn anterior is renigtiir.rd. It lie« jwtl over the aKaetary 
(ornutioD, the cortex and medulla of «hU-h may here, indeed, be «e^rateil from one 
aiMtlier. The enlram-e of the ollaelury nidialion Into thia b to be ren^niin]. 
From t.hia region the Uenin tlialnini riann duraally nnd enliTi the biyer of whil« 
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origitiAtca uid ßbcrs fxom the «tratum eviirIc, n« «eil ■» lilicni ot n sUll uiikiiowu 
uriiciii, tii|,tt)i«r form a jiroiier uieduUary cupsule arouitd itit nucleus anterior. The 
Utcrul [lart of tlib ra]i«ula, *nd k {lortion ot tho r»iitral, may hu tneed far hmtk- 
v'urd 0« Iht! Uniinn mrtlullikris inlrriin UmlAiiiJ. 

llie 1*11 of the nucleus eaudstii^ l>( llio corpus stiiiluin is visible donall)? and 
vt'Hlrall}'. Ut) iti iiiMinl tiidr it ho* Üi« imct of the »trla t«miiualiii. ür*\dt* tliU 
|jurt of the füri»itt »liiiitum tlirrc in visible the leiititular uuclcua with ila thtr« 
diviiions. frotn which the libera ol tUp aiifia lentihinnis nra awn to develop >t pre- 
ciad}- tliir lere). 

'i')ieM! libera pau lo Ui« ku«l pnrt ot the capauU liileriut. which they croM to 
enter the thalAini« f^nglia from l»*low. For almo»!. thi« fntir* ilist*ni>« thoy lis 
upon the flIiu-tfsUm, ubirh Ijkvwiic iwum-b iiit» the llmlaiiitu, ao (he inferior tbal> 
onile ptdiole. from the temporal lobe. 

Til« inlemul capauk- hcie uoDtain* nearly Ihe entire motor fihcr-tyit«!!!. More- 
over, it coiitnin» ü\t palhnaya fniin tlic IruntuI lobe to the jwns. Many ooronal Aben 
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pUi ims it iata the tholamus. The motor speech -pathway »till Ilea in th€ HMA« 
fame* M fal the preceding llyurc. Veulnil (u tUf leiiliculur iiuHvub lira llie com- 
tniatuia aolvrior. iind uiid«r this we «ec the nurleua amygd«!«-. 

The »ptir tluilami rverynhrro lit: lui i-1qrc up>in the tntrmut cRpeulc lliat dk- 
Msea only rarely coDte uuder uhiervntlou in whirh th<.' tluilami nluni! am inrolrod. 
Even in IhcK it often Tviuain« doubtful bo«' ninuy of the phciiomen« which ap|>ear 
are to tw leferred to Ibc^ thalumi, »iiK'e Hit- fui«-tic>ii nf tlir iiri^tlitHirinii flbrm of the 
cap«iiln int«rna wan impaired indirortly. l-'or thi< rojiaoin it hau not yet been po*alh1e 
acriiiutrly lo dplrniiinp t.br nymptonia thai iirc pioi^uicd by iliBcune of the optic 
thalamus. According to Mrfßurrl. ibc innervation «eiiMitiona »f the uppi-r cxlriTiBi- 
tic« arc lbcri>by diatuilicd. In thl« mnnnc-T ar« «aid to ariiw ^\t« delusive id««« cvn- 
ccrninK the (KailiuD of thrair iiiciulHrh'. and from lh(-»r id«-its. nsain. the forivd jwil- 
tjona. Motor jwmlysia is prohahly not pmduivd by defitnietion of the thalamiu; 
just na litllr, »rnfory pamlj'siiL DitturUuKOi of aight in thr fomi of horaonymoua 
lalvral hvDiianopala. jiertuip* of croaaed amblyo[>la nlao. were rttttratedly obaerved. 
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I.ikewia«- in diwane of the optic th&lami, the sytnptoinii of hemichorea, of athetoiiB, 
and of tmilntpral tremor were nbüerved not verj' infrequently. These have alao been 
observed following leslonii of otiier part« of the brain, yet were commonly concerned 
with ft bor- systems t'oiinet'ted with thp thalamus. 

The same difficulty presents itself when an attempt is made to determine the 
symptoms of disease of tlie i-orpu« striatum. \Miat was for a Ion;; time described 
a» Hui'h (hemiplegia, fur example) may arise just as well throujth the involvement 
of the ncighlKiriug enpsula interna. A case is known of the destruction of botb 
putaniina which terminated without a symptom rcferahle thereto. 



Metatkalaucs AN'D IItpotualamcs. 

the bboio srbtllalamlca and the sthucttbks at thb base of 

tbe boaik, 

At the end of llie Iwt chapter w« had approai'hi'd n re^oii of tli« Itrain 
wliich, I'llraonliriiirilv (^LUiirilicutfd in «iritclurc, liitilPttt» bL'Um^!i] ti> rhe 
parts of the hrniii thiit werv luiwt uiiiicrstooil und cxjilniwd. 1 now purpose 
to bring bttfore yuii tlio mi>«t importnnt atnicturce of this rtgh suhihalamiea. 

If yon flcamine Fi^. 173 or t'ig. I7-t it is apparent that the thalamus 
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Fig. Iifi. — Section through thv regio »ubthnlamkra. 



licfi upon the intcinal capsult?. Further pustvriorly this relation c«aseA. 
Several small, jjray franshonic inasaps shift hvtwwn i1 and tho internal cap- 
Bule, iiit« which masses converge mimeniiis fiber-tracts from the nucleus 
lentiformis, from the capstila inlerua, and from the ihalHiiius itself. Tlie 
posterinr, ba»al region nf the interhrain where this orrnirü has received the 
name of rei/to sufilhalatuiia. The melaifialaniiii hii» Itwoiiic more thorou;;hl}r 
understood only through the inveMi^tions of I'Uifx, FnrrJ, FlffJ*sig, Wer' 
nicke, Monakoir, and KöUiker. Y«t vc are ^till far distant from an undCN 
standing of the complieated relatioTie which are presented in this small 
region, a region where filiem of very dilTorent origin meet vitk one another, 

(371) 
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intenningle, and dectissatc, a regioD contaiDing gray masses which are them*1 
selves agHtn fil]<^, in part, b; n, fine net-work of small deriiiiSAtini^ medul-j 
lated fibere. 



Ftg. I'fi »how* •ami« of Mie detail! of a wi-tluu tliiuuj{li thU leglon. Delow tlift 
UuUsniu fai ■ rounditli gnugliun. tli« nuclma IrgmcnU, tha rvit uttclinu ot thm 
ItgaKPliimi vxtemal tu ttgia there bua iij>]i«aiml Uie curpti» «uilfiolamicim* Inudtiu 
of Lugt), which has ■ K>m«wh«t lentic-iilnT loriii. Poiteriorly, the nurtviu trgmcnti 
wilt «[ipcftr tuiMh lflrg«r in th« trauvwr*« McMon*. It U tlie point ol origtn of ■ 
large buiutb^ tJie iwJuuvlr, or Tr. tepomto-ccrrbcllaiii, uhicli juush to the op- 
ftmlt liflir «I thv nTiOirlliiiii. Vetilral li> il. anil itit«!«! Ui the roqius iubUinUmioum, 
tbrre ta (uuoii a third |fjut;livti, tiac tubtfanti* nigra iSirincrinffi, an acvuiuululioa «f( 
OOTve-celli wbich are mostly pi^inmt«d with gray. Thla la nlao btrller developed In 
tlie uor« jMMtfrioT pUnn. II tim dir««Uf ov«r Uu» Bfaarafat«nia from tbe Intamal 
«B^ul«, whidi noM- become tiie pea. 

fium th» regio aubthaluDica on donn na far at tlie end of the midbrÜD tills 
dark gray i«h gKOglion may aJi^aja b« detnoiwlrattd Ab«re the pea. 

'ili«rc KTTnlnntra in the substantia nigra, deaignaud a» the »tnilaai intrrmcdimm 
prdtiitr-iili, tlic liut muimint of (ha Gtertvalciu from Uiv cor])»« ■Iriilum. 

BctKvvn the Ti-utrsl Ducleus of Ihe thiilaiau» and Uic gangtin mcn- 
liümtl theru |iom u gii-at miiDV cuDVL-rgcaL white tihcrs. Tbe^ ftriiv fmm 
Acvt-ral eoUHH's, und aUo hav« an spproximatc-ly «tralified dispoeitioii; so 
thm ibi' imliridiinl layi-r? niav he eoppaied somewhat. Ntwerthclw*. "de- 
gcncralioa" proparalJoD6 wvn thv only ones on which \he discriuunation 
could i» cWrly made. I'arlhoet lateral lie Iho tracts ot th« teymrnlal path- 
iLag deslioiHl fur the vi'titral, tbalamic nucletis. It luu long bi>en beUeT«d 
thm Miiiu- \i( iht-iii tiirm-d Uin-clly downwiinl in tbt- afterlirain, and this 
part WBA duaignatcd as the superior, or cortical, fiUti. Even now this view 
ie inaintained on »uinr «idi-s (ecc my older Fig. 168, aUo), [lut in the Uet 
few rears it lias been iiiccewfnlly shown that the fiber-tract from the cori«x 
lenniruites in the thalnnxi^. that, however, n new palhwuy ariKS from tkia, 
the tnulua thaUimo-lmibarix, the mptrior fillti, which may be followed down- 
ward RB far a» into the nuclei of the posterior columns. Tkiji i» a porliou 
of the ffnxortf paihH-aif. of whieh we now Icnow two part»: the cortico-tkatamic 
ami Ibe thaiamo-obiangalal ports. Ending extraordinarily near to one an- 
other, tmtti must be in iulimatc contact within Ih« Tentra] th&Uuuic nuclijue 
{Monakoic, Mahaim. Ifitlschofth/). 

The superior, or tipper, fillet is found, on the »eetion« tlhulnit«U tou- 
tral 1» the thalamus and near to the niirleut) tegmenti. But it ii sepnrated 
front this by means of a thick mednllaled bundle, the tractua cortir-o-ttg* 
menlalit, ih« coronal bundle of the tegmental nueleun (Dej^rine). I^iterolly 
thv »u|>eriur fillet and the (-umnal bundle form a tni^ me^lullarjr uajigule 
around the nncleu» tegmenti: the lamina meiiutlari« nuclei teymenii. 

The radialioofl to the tegmental »ucleui: nnd to Hie superior fillet do 
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form, however, the onlj eleiuout« of the medulla of the regio subUialaraica. 
In the sccliou Trom the dog, «howu in Fig. 1*6, whicli falU somewhat farther 
ironlaili' than l-'ig. 175, aud aUio »ubseqiii-ntly iu fig. 178, you «c lug« 
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Fiff. 170.— Prom the dog. FronUil aectiuu lluxiuch about the mliUI« of the 
tlialumus. Itnnmth llic nnrpu« cjilloniim li? tho frontnl »iid» »t both conitM 
AiuinoDis, whith ar« connvclcij bv incani of the |MtltOTiutii. AiiiL Mnd out the 
Ininiense Anibrin an each side. In Uie Lhaliiiuus: the niidrtu medlalla ami 
Inlimiti« in their givuUvt expooMT, »vporatml from nn« iinolIi«<T l)j th« ImnitiA 
mctlullnris int«r7iii, cut tmusvtnel^r ; b(iuiid«cl donully by the twnin thnlami, 
iBto vrhlch flb«rs para from Hw strfttum iohüI«, bounded liy the poaterior part 
of the nudcu* nntrrior and Ui(> durto-frontol j^n^fliun qI Ihc ^tt^llaa hahMtuI«. 
Lnteral and dorsal, tfa« tail of the nucleus faudatus and ila oasocIaUun-buiKll«. 
fi^CMii thti npaula inlvma nitoni th» cmoiia nidiata of Ih« nooleti« lateratto 
und of tbe nucleua ■■iit«rior; lietworn Ihv iiurl«us hilvralta and the capcula in- 
terna thtrrp develops from the lint the latnina inedulluri« externa. At tha bsM. 
thti -rorpuii Riamilinre, in nliich, ut Ibc k'vcl uf üx'ut m-cIiob, tlio bundli? of Vt«q 
it'Azrr tnim the nuikus «nteiior and the lefoieiit«! liundle cntvr utiilnl. I.nt- 
craJly there develops tlie |u>i]unnihtii muinillnria : dorwiU}:-. direeUy tienoath tli« 
rentride, the <lecua*a.Uo »ublliAlntiiitra anterior. The capaula iiilrniH Ii<s expoaed 
-on the under Burfaee aa the pt-a pedunmli: Its most ronlal libers here ariite tnitn 
the furebriiin-biindle and eii<I in the enrpu» Lujriu Doiiml ti> thi> i-orpiis f.uvB Mm 
fiber* of the dccji «IfnittTv medulla, and. lyin^j cloiw to the«e, thv radiatio tbataml 
rentralis. Ijitetal to the nip»»la inb;nift. the lentii-ulnr nucleus, from which the 
anaa lontiffirmi* applte* itself eloiely 1o IU« jm*. BetMeen Ihr aiuw and Ute 
vrntml pari, uf the coniu .ammonia, tlie neniis «ptitus. 

Iln». V. Him flifl., buna! forebruln-lnindle. f?((/»r»rAieA/, Inttlred Uyef. 
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fiber-maMes, arranged in several bundles, converpo lowoi^ lUis region, 
all nriginatc from the corpus striatum, and Cfmiinate, so far as at preecQ 
knovrn, in the nuclei of the stratiuu intermedium (Zwigeheiuckicht), eai 
ciftil; in the substantia nigra and in the corpus gubtliaiamicum. or at least in 
its neighborhood, where there are found several other email ganglionJc ac- 
eumulations: the tjangUa of Iht $tratum iniemudinm. 

This radinltoD in no other Ihnu the iioüterior end o[ the tmctus «Irii 
t h alamici, which w« hiivi' mi*t with so freijuentlr from itie fishes on up to 
man. It arises from the anm lentiformis, comes to Tiev at the medial bor- 
der of ihi' corpus elriatum, crosw5 o\er the capsule, and, cominz from th« 
side, streams thus into the separate ^nglia of the stratum intemicdiuiD. 

Ttiat ÜKrtt Ithci-bundlr«, doifniilr«! n« M-jiamtr strata of the ftnttum iiitrr- 
Hifdium, ttfiM, ftt leiut In greiit p»t, liom llie cori»» »iiiutuiii. I conclude from Ui» 
lnvpnrnUon« from tlw tlog without forvbniiit, trhicli hnv« bam r«|wnt«>dl]r rafenwl 
to hen. 

ThoTejfinn Tpntrnl to the thalamie ^nufilia and to the ansa peduneulari 
(Fig. lU») is Iravorwd by fine longitudinal fibers, which, arising from the 
olfactory lobe, patn to this region in a straight line. We n'ill df^iignate tli« 
a« tJiir iiJfaeion/ bundka of the inlrrlirain. They may be trarcd as far as into 
tin" region of a ganglion-complex which, silnated at the Imisc of the int<-r- 
bmin, there projects as a small hemisphere on the Wse of the skull. 

1 1 is callctl the mrjm* m'tmillii-f, and is very much larger in Ihi- oiinuitic 
ver1(.>))ni<e9 tli«n in lhi> Primatf« (wimparc Fig, 541). In Fign. Kß and 17* 
Et falb exactly in the plane of section. 

Pnwn Inward Ihe corpii.« m»miil«rp thiTC pa^ws thrnuph thn central 
Tcntricular gray nialti^r the bundle of the pillar of the fornix from the comu 
Ammonifi and the marginal convolution. The bundle appears to end in i 
parlly on the »imc eide, partly on the oppositv. The email deeusaaÜan 
dorsal to the corpus mamillare, which containf, in part at least, fornix 
fltwra, is called the iirif«nVir tlfningalinn of the regio subthalamica. Tn Vigs, 
199 and 134 tran- the course of the fornix from (he coruu Ammonlfi 
down as far as the region ju»t dcscribnl. Fr^pii-atly cunault tfaew 
also, for the following dcacription: — 

The mrpu» candican* i'iini»i3t,>*. ni» Outidm'» f-spfrimcnt» showed, a 
Ihttc nuclei. The moi^t Inlcral nnclcui> H'ndi> it« pcdick- {puluncutus eorperit 
m«t»illanM) far down into the oblongala; from the posterior of the tWO' 
DIWaI nuclei <inw» n thick bundle which a«icendo into thp Ihnlnmiia nncf 
1b lost to it« tiibcrciilum nnteriua. This trartnt thnlnmo-mnmilforix 
(bundle nf Vicq d'Aiyr) w entirely ridible in Fig. 144. and, for a part 
111 eonrae, in Fig ITI. Howe beside this, coming from the more an 
nndrtts, or jrnnj^ti'in. there ascendn a ^mall fiber-strand toward the thalai 
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It eoon separates, however, from it« companion and, bonding dovn po8- 
t»-riorly at »n angU», «U-nds inio llii- tegmentum. [MwliTior to the region of 
ÜIC cuqMira tjiiuilrigi-niiiia, wIutl* it mav be tpuccij until int*i the ganglia 
that lie beneath the aquaiduetiw Sylvii. This is llic legmental bnnäle of the 
corpus mamiliare. 

8. Kemin Jf Cafnl «nd KfHHkrr Imv« T4««nt1,v «tultx] that only a »in^lc Imndte 
aiiiu ttwa Ü\t corpun mntnilUrv. nliich jhumm «tnrMlljr. The nxis-v^liniU-Tn nt this 
feundto tiviilii Hi Miiiiit (lislitij<i' troiii lliL-ir jiolnt o! orlpln. The nnt«>rior brandiM, 
€ir tltviAlonn. tncled a.i ihi: tnictua lIifllniiKi-iiianiiUnrb lu the iiuclcu» anterior, tlw 
posterior a» tli* Icgmental bundle in a nticli-u« o( llii- (iiintnl l<-iitiifiiLu»). Killiker 
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J'ig. 177- — Froni the dug. frontu] Mvliun Uiroiigh t.Fir intvrbratn in the 
Tfgion of tho pMtnioT Ihird uf the (halamui. For ihe «x|ilnuutinii of I he grcnter 
part a( th« flgure, »ev Vig. liW. In rompanaon with Uial of Fig. 109 Lheni la 
Id be not«*] in this «epllonr Üio (unslion tinbi'iiulir, in uhiclt III» to-nia di»- 
«ppfure; Ihr Inferior thalnuiL- |«diclei the rsdiatloa of the niisu Itriiltform» 
lain Ui« umlulla n( th«> rrfrio ■ubtliulnmirn : Dia rnrptn I.ut«; and tb? trpani- 
tion of th? atificrior fllUt (1*001 lb« ini>du1lnry mafiwa liit«ral and veniritl to tha 
klutlAinus. The pulvinar appears inrual to the c'>rpU4 g«nifulat4iiii laterale. 
Uaub. ifrf ilam., T«frmen<itl niaiiilllar;' bumlli.*. UarK rf. Äcy. mtHhalamlea, 
M^iill» uf III« rrffio »ubthaluniira. Ntitl. If. h. Bdl,, Xudeii» vt pDaterior loo^- 
tvdinnl biindlr. nbirn SrhMie, Su}vri«T (illrt. /'wra rtll^d<^\is Captuirr, «t«., 
Poalrrior portion of the eftpaul«. inlrma, principally Aptic radiation. StM d. 
(^trp. ffmie. n. Pttirintr, Pedicle of the corpus seniculatum a»i1 pulvinar. ünt. 
not. Bttet, InfertuT thoUmic pcdicl». 
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do« not ngmrd Uw fornix as tennlDBtlag In tke eorpui mamUlare, bai Uilaks tiial 
alter cro«ln{[ tlimugh the wm« H go««, rid tli« dwuiutio hypoHi<l«inie>, Into Um 
opposite ttiaUmiifc, where it b Mid to end witkin Üic rcntm) Biiclcar fToii|n. 



hy mcftiu of the eubetoQtia nigra, the Bb«r-?yctcms which p3£e dotm- 
vard from Iho fotvliraiu ntitl iiiterbrain are dtrided into two part», whi 
differ as to their plij^eiulo^ical liiguitivsiice, the pea, or cruatOy oud 
Uffmmtvm, 

Kow let tu briefljr consider the ylandula piMa!i$ {conarium), or 
epipht/sis, n-hich, with it» pcdiclra running on the inner side of the thaliima*, 
rcpreBtnlB a portion ut the roof of the intcrhrain (sec Figs. 21) and 21), 
it comieta efiGentiallj' of aotid epithelial tutules, which hsTc originated 
through proliferation uf the priiiiar\' evs^'inalion. 

The cuuariiuu eoulainit, Ui addition to ihe tubules and au abuudant 
l)lood-«U{ipty, the brain-sand: »mall i-oncrcttonB of a stratifie«! »tructtir?, 
which conntit principal!)' of calciuiii-MihH and of a xniiill organic buais. 

The powtion of the glandiila pinealis. at the posterior end of the tbala- 
inue and hctwtn^n tlic cor|>orn <|nndrigeniina, is shown in Fig. 125. 

I would like to remind you again of what was eaid od page 137 about 
Uie eignificiuive of the couarium in reptiles. 

Flben Apimr tn oxt^nd m bi n« tha ruimriuni from the tracta ol the tnüa 
tkalami Th« twnlx rlwa aiilrriorlj bj th« «id« of thH lomU from thv d<'|>lh ul th« 
oltectary IkU and, nltei It Itu rrccived bD' «llrrcnt tract iram the lontix. cnd> in 
the ffanellon Jiabrtiulir trier a haa |waaed alon^ th« nwalal edg» of tlic tlwUmua. 
Th« gat^lion is Inrutod juat In front ot tit» i^jthyü» («m Fig. Ii7t- The poatvrior 
portioB of the buadln oi the tirniu i» nU» dnij[iuit«l a» tlut (i<diiM4'H/( mitaHI. 
VelMeot Uu* two pvdumruli cunarlt runs tli« di'llcnlc commlitura luibmularUi, prolK 
ablr a dwufimting: timet trom the tiniiir linbcnuhc «very clmrlf «iivwii in tnin«rBT«* 
Bootion in Fiff. IM). It i* alao to be noted In F'i\f. 144 liow the glandula pineatia. 
ftlnoat maaaiTO in nuin. a|>ptMir* in th» rabbit to be an vvaginatinn of tin- nxiF n( th» 
fuietiraln and piuaca uwr into the plexu« diorioideu» 

I'rpelactjr na In tha lower vcilebntM, lo In ntamwl», a large Inict gnaws down 
to th« b»W9 1^ ttie niidhrain from tW ganglion hutMunlac. It ia the fntelM habraul»- 
prdimeutarU, 

I will now lake up again ihi* demundtration of the hrain'Seetiotia that 
waa intcmiptrti at the close of the hut chapter I'hcj' arc intended (o aatiat 
yoti ill reriewinc ami sdidyine whal hau jusl Xn-vn presented, and !■* serve. 
aa a utrous of «rionlntiipu. The Mviion «hown in Hg. 178 follow« din>ctlyj 
Upon that o( Fig. 174. 

l.orNt<M| Jtui Ix-hliid th« diinMiM. tke «Mtlon aliuue, on the one hand, 
tlnUmUB In it* grmtnt lireadlh; on the ollirr, aa nn important tnrtor. the 
of Ihe niwr aj'tlcMi* nl the inlrmal eapnie ut the lM*e nf tlie hrain aa llio tnmtitmrml 
of the (fTf. or vnul€. Ibrlwmi the |><« and tlw IhoUmiia i« »IttMled llie reCMi ■ubtlM> 
tami«. and ne« (tanitlla lie in IhL«. Nolo llie "ganglion of the uma tncerla." Uia 
oorpna ■ubIluJamImm ll^Jra), and ventrally the gmup nf ^uglU nf tJio carpiM>J 
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niniiitlUre. JBpjjtrtltr is surrvuiiili'il liy ita mnilulUiry capoul«, in nfaidi the funiU 
bMM iiiiu d ü l QWW i l . anil iL lenda unajr above tlie L^gmcntal buodle (the trnttus 
initniill«-l«^iu«nlntis), »nd titp tractu* thnikiuo-mamilUrik t^h« bundle of Vicq 
d'Axyr), uhidi at Ural |ihm nlonjjr unil«^. 

Tli4> iiuc'lru« Intvmliit and nimlinlin tlialami allow llie po§tmor »nd of the nudauB 
•ntvriyr U> «x(md l)clw<.t.-[i tlicm dotnalty; ventmlly t)i4-;- flow togtthcr. Her« 
begins tlio region of the nucleuB venirali». The mure poBtenor portion o( tlie ansa 
lentifarmiN rtr«aiiw in h«T», and otlirr Slv-rt from the oorjiiu atriatiitn go 1« th» gra^ 
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nuclei <tt thü regio aulttlialamicn. Thr- lamina mrdulliiris inteind thalnnil hno bpcrome 
niiicti rirher in ßticr«. und Ix-ttvr-vn the liiltki^ \nyi-t und th« lutiral nudm« thcra 
d«ve]«tji lltL- trat'ta of tlit: UiiiiiiA nivdtilla.ris i-xUtrnu tluilmui. Tlie atnlutn uinala 
is wry iiprt-epi ilily ditiiitii*li<-il. und titr ln>uiii in In hw wen mnrp cleiirly. Tho 
Uaticular nudvtu. th» i'lauAtrum, the oajMUlit. and ll>« otirtex of the iuiulu. with the 
exceplinn of somenhat altered (onn*, pment iHitliinK tliat dilTcra cMentially (roiD 
tba ■ecliuiia pfwioiiKlf (houn. In thtt whiti* ini'diilliiry Ktibftanm the long aato- 
nation- tree ta majr *till he «ought for in ill« taiii« aitualtoas »bei« the; laf in tb« 
aaoticoi ilioiTn tn l-'ig. 174. 
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f^oaCerior lo Uw trpim of the p nwiamt mfHo^ thr wpant* rim^l* tanA fai 
(jb* ncn rabUMbaDTB «a4 !■ üw Ug^tam. vUA w l«> lirwi*«g, be m» Jaiily 
«pw <Me «onthrf ikat, l«r IW Mwt put. tWf u« ««4 itfimyi «itbwt rtai wi in 
utd wignUbttUott. la Utr Ulwmikia« fouad totWr fnat la tW Icxt, audi wlB. 
tUnfan. U dMm Um m FV l**i -ee ftfr^Uy Om ivana baa U* 4ag- 

7V iliAlaRur pn|dU MK ahwM« tntinl; Umdal tagetfev. Oalr tha lam of 
tha arib ■ml ilrgMMrati** rhaapa bow alia« tka «fttralioa al ifadal aaelil Tte 
mdMW busalk and tbe anckoa vmIibHi ^^ gdarf tte'amrt !■ oyuHi tka 
SMaial and Um astarior anrima ha«a aatm^j dfaapyamd. IIm». cfaaa ta tW «n- 
tnac« info tli« atinMluH, ik» b}«r of «mtimL ««atiiraUr gnj MaUor iaiTMwa te 
tkickiMaa alao. Jurt ovuidr i4 h »PV' Lbc "Hgiltal aarWi of Uw ialartfaia': 
tW aiMlH •/ Ikr pitrirriar lomtftluaimal bmmdir. Th«a Mlow» UuraDjr Ih« red. Iag> 
iwaalal butImm, ■»), in th« |>br« «berc tlw corpoa aabthahmjctiai waa «Jt a a t aJ is 
Ika IbM. aartka, \hm labttaiilta nigra. Tbc Hxit-iniawl ywgliaa baa daiaflad to a 
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onaU lanaaac abich liaa fartli« Uunül;, In ibr i-l^ar itcU vratial to lh« thal- 
kBlU tbtr« are Katbmtl: Shm from the aioat jwelerior Icrrllory of the Bb«r<ajr»- 
bona of tbr n>f]iHi •Irbitittn. Inradna a capaulc nrouMl tba> ml niiclcua nnd ralerlnc 
inUi il la [Mirt', lli«ii flber» or Ui* lr««(i uf Ibe laniinB mcdallari« rxlvraa; and. 
•cpanilcil fnmi thi* hy ftny matter, in thr moM vmlnl thnUmir nuclrm. the llbm 
p( llMt «oparlM- fillet. T1m> IntMnal cajMuli^ raaUliu. In lliU »lliialion. «ubaUntUUjr 
th* Icgiarnl«! ruiliatii^ii In ll>r IhnUuiu» aiM] trart« from Uir iwwtrritfr r<^on of Um 
teaipriTal Inl« lii il)i> ituUiitiun. aim tnivU from Uie aainr auuri-e (a the pet peditn- 
eall—Utat la. [o tu lateral jMrliun. 

Ventrml to tbc initjiiiica, berr raiMHlnablf diinlnielMNJ, Uim ti rocognind Uw 
raillaliun ut IW ruimaiwilTa ant^rhn- in tbe naigbtMrlwnl ot Iha taferior liont. Into 
Um Menof bum itwlf tbr rmmI »ntfriw pnri of thf ctirnu .ImumonI* i« now iM4-b 
to Infold anil \ita)f*t, Thn roof ii( tbi^ inlrriof Imni lirrr nU» cmtaiiu Uic tall ol 
Uie nuclMi* uauilatai, «rkleli la cruiml downuanl, and Üum, naturally, the Qbf*« 



metathälämus and htpothalamus, 279 

Byatem from the temporal lobe to the thalanii)s. Outside the ventricle, and separated 
from this by the plexus chorioideua, lies the tractua opticus. The pea peduncuU is 
separated from that of the opposit« ude by the aubatantia perforata posterior. 

The two columna of the fornix are united, and form a short, thin plate already 
in relation with the paalterium. 



CHAPTER XVIIJ. 



Tbk Basb of thb BBirx. Tin: Optic Xebvu akd its Orioik. 
The CoKPoiLA. Qd^ubiüeuina. 

Wr have hitherto taken no occasion to examine the bas« or the bratn 
more thoroughly. Now, wheu the origin of eevenil of the atruciurei! found 
there U knon-n lo \iA, it maj be lime gently to free a brain, wttb tb« ba£e 
turned upward, from the pi» and blood-TcseelA, and lo study the preparation 
80 made, 

The illuatratioQ that follows may serro as a guide, rirat of all, the 
crura cerebri arc teen lo omiT^- from out the maee of the cerebrum. Just 
in front of them, in the sjvace here concealed for the greater part by the 
optic ncrre, lies the enbstaotia innominata, which contains the an»a Icnti- 
formia nnd the inferior thalnmic pediclo (sec Fig. 1T4 also). Frontal t«c- 
tiona, previously dcnmnet ruled, have Laught you thst thu white niaas h«n 
viaible, the pes, is tbe direct continuation of the fibers of the internal cap- 
sulc. Afti'r a «tiort course the cms cerebri is coTcrcd by thick uioases of 
fibers, which appear to pa« traasvenely acroec it from onu-bulf of the cere* 
beUum to the other. These fibers are designated as the pontal fiktr«, or fibra 
pcniiti. On the other side of the pons a pArt of the fibers contained in the 
pw pcdunciili can ngiiin be seen »$ the pi/ramidji, another part ha- termi- 
Dated in the ganglia that arc scattered in between tlie Abcrs of the pons. 

The gray matter between the cnira cerebri is called the mibKlantia per- 
forata potUrior. It bonier» internally on the regio subthalamica. In front 
o( it lie the corpora nuimiUaria. those two ronndieh ganglia tbat we have 
previously met with in transverse section; the same ganglia to which the 
bundle of Vieq d'AzyT pas««« from the tbalamu», the ganglia in which 
Ih« fornix end«. 

In from of the cnrpora mamillaria the floor of the middle ventricle, 
which is here clmignate«] fix the (ubrr cintrtum, bends, or bulges, downward 
■nd forward — so that a funnel arisen, the lumen of which ia nothing but the 
conlinnation of the ventricle. At the lower, pointed end of this funnel, th« 
infvndihulum, the kypophijuis is attached («ec Fig. 16?). 

Th> hypophftis — *n appenHix tp (lio Intoo of tl>» tirain, akout tK* dxn ol a 
cfaarrT^-COlutita lint ot all of tbc rontiminlinn nf thr vrntrivtitar Roar, tht lobua 
fnfnarfihali, or lobut |iMl«rlar, wblfh U not ]>o«ltivriy known tn b« of a nvrvoua 
Miun>. In front nf tlih Ika the aotf-rlM- lobe. ». tuft uf epiUicUiil tubule», wblcli baa 
gron'ii flrnily Iij tlw loboa infiiniltl>u1t, and wlilrti, a> yaa know, ulaei fram th« 
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nrcUil with rillicr tl>c nnc or lh< other pnn of the liyiKiphviis. The sccompanjriBg 
■o^iUal wctton chruugli the hj ]>o}ili}'si* u! » liuiimii «nibrvu ol four monlU« Kbowi aQ 
thrr« [MrU v«ry |d»iii]y. 

l^e opfiV traciii pass in a broad curre arouad tW iofutidibiilutn and 
over tbii pinlunclvs in a dircdiun towaid the pulvinar of the thalamua. 
Conc-eahfi nti hotb sidm 1>; the lobus tt^mporalis, ihev curve upward and 
OulwHi-ii Around the origin of the jteilunclfH, the crura ccrei»n, tw attain the 
corpus gcuicuUtiuu laterale and the pulviaar. 

Anleriorly, in front of the infimdibuluni, the tracts unite to form the 
(hiaxma, front which, after the decussation uf a jtart of their bundles, the 
uptir ntrrr« proceed. 

In front of the oplic tract aad lateral to the chiafiiiia there ties, just 
under (aliove, when cxAinining the hmin {ratn iIm' hiu«) the anterior port 
of tiio corpus striatum, the mlmtantia perforata anterior, a gray nuias that 



^~^. 



Ar:f p»et^.,t 

/dtvAtAiakiA" 



I infvnJiinlim 



N. 



rr« It t am 

T1f{. tSI. — Baf^llnl mcUm throtiKh (he l>t»in rtotr Atiil thr hypoptit-sU ot • 
buDMji cuitiryo of four HHntlia. Ooinbiord (tobi three cuiiii«'iilive »ertioBA. 



is pierced by numerous Ttefielii fmtn Ibr pia. I'he region of the hhtts olfac- 
toriun hrgiris in fnrnt of it. 

The Kuli^tautia perfonta anterior is nothing el&e but the olfactory ßeld, 
or area, which has become greatly atrophied in man. In rrimflti« the lohus 
olfnetitriiiit i« nljio otri>p1iie<I ahm;; with the entire olfaetory appamlui». Id 
man only the most pcwterior |Mrt of it hnK been retained with iix cortical 
atructun* (F>g>- I7S and 173); tht> anterior part has diminished to an itudg- 
nifiranl, pray rord. the Iraclus tAfartortuit, on whirh anleriorly is found thu 
smalt liulbu» olfactorius. From tin- bulhus, however, there still arisn-, pTp- 
ci«ely as in the other vertebrates, the large fiber-tract» of the olfactory ndi- 
otion. Since thefc paw Wckwanl to the cortex of the lobulus oirartorins 
and tlie region o\ the ^■rus hippocampi, they murt pa«< over the tractue 
olfaetoriiu, gi^'inff a wliite appmnince to itu under side After reaching 
the olfactory field (the »ulj«uutia perforata anterior) the Iracta, which hen:. 
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to be sttre, arc eeeentially thinner, split ii|> exactly ae they do in the otmutic 
vertebrates, and pas* away as white strandi» — earlier named olfactory lool» — 
over the gray substance. A lateral tract, often cliviiled into Iwo, may com- 
monly he separated from a niefiiaJ. The fonner gradually turns Inward 
Dear to the gynii« hiiipueaiiipi. At time.") a thin, light-colored croeä-band 
may he awn to pws over the ^iib^tantia perforata anterior from without 
inward and upwanl. It ia nothing other than the atrophied r«nmant of 
the olfflftory Imndle t« the romn Ainmnnis, which is tn he seen in so 
high jierfwiion in this situation in the o»niati<: vertchrStee. Ilefore leaving 
the consideration of the ha*c of the hrain, turn once more to Kg. 144» be- 
cause in tlie fxsmalic hrain Ihere showTi so many reintinns appear eU-arer; 
«ud the structures are heiter developfd. The nlfactorj- npparütu«, wpucially, 
will then be clearer to you. 

On the mesial edpe of the suhHlaiitia perforata anterior the fibers of the 
eorpuB callosuin dip down as far as ihc baue ul" ihv brain. Tht- elevation they 
here produce on the inner, mesial cortex of the hewiapheri', extending nearly 
to the ba^ of the liraiti. i» (lrsi|u'nat<-d a* (be iji/rus »ubcalhuus. lletween 
tlic two gyri anbcallusi then- lie» a gmy plate, which may be traced 
upward a» tax as iiic genu of the corpue callosum. It ia the lamina ter- 
minalit. In it ice must roeo;jnize n remnant ot the embryonic closinj; plate 
— thai wall wbieh once lUwod in tin- primary forobrain, the same «nil frtini 
which tho heniisphereg, now of such enorraoug giie, grew and archwl over 
the oth*r parte of the brain. Now, tlii« i« only a email gray area of little 
importance, which lies at the moat anterior point of the base of the braiu 
(Fig. 133). 

II un iitTei'iHin invulTpK only the hase o( llie Irain in frnnt of (tie |HinK, the 
ft/ui|>torii<) that «rf produced by irritation or paral^rä i>( llic ncrr« lyhiK llicr« «III 
be, hy fnr. tli« tnoni iniporlaiit for clingiioMs. ^MoreoTer, dblurliHDccs of moMlil^ and 
MsalMltty may al*ci a|>tie«r in tli^ (■\lr«-mitip« if lltr crunt ci-itbri ore iavnIvM u'itli 
till- real. A itiieful nuulyoU uf iW Miiiiitomn ^^ItJi th« »id of ou illustratimi of the 
hB«r of till- lirnin Dfti>n WiIh t>j a. «urprislti^ly nrcumtp diugiiMM of the lonntion of 
the Imioh. 



ITie optic traete cnrve around the crura cerebri and disappear farther 
dorsally in tho region of the eorjmra quadri(/emina, particularly in n email 
ganglion lying adjaor-ni in tin's laterally. IIil* corpus ijenifufatiim laltrah. 
If you now wish lo buL'ome lietler aciiuainled with the ai;Lual termination 
of iJie optic nenres. yon nnmt firet of all givf your attention to those part« 
of the midbrain jn^i mt-ntioiit-d. 

The following illut^traÜun )<hoKK the corpora iinndrjgeniina when seen 
from abov«. They lie upon the pcdunolcs, «»mewhat crowded in between 
the thalami. Behind ihom, on each side, a large fiber-tract comca from be- 
neath t-hem and Rink» into the cerehelhini. It is the anterior cenbtUar 
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pora, [ike tlic thalaini, receive fibers from the territory of the occipital \ohe, 
which run to the internal capsiilp in Ihu ojitic radiation, and from ihore 
ascend to the corpora as the hranhiu of iht auU-rior corpora (juailrigcmiua. 
Fibers to the optic tract itself also run donnwenl in this very brochium, or 
arm. 

The brachivm of the anterior corpu« quadri^cminuin, vhich is com- 
posed, therefore, of fibers fn>m iho cortex and fiber» passing to the optic 
tract, sands its cortical fibora alone into the torpue qnadrigemiDum; it« 
optic-nerve ßbiüs Bprtad out over th& gray surface of thfl qiiadrigcminal 
t)od>, ihuK forming l!i« stratum sonal«, and there sink belov. 

The posterior corpus qimdrigeminmu apjK-ars, ut first sight, it is true, 
lo eUind in soiiil* relation witli thi- rjiiic tract, but it i« ten/ iuipntbable that 
it contains fibers which arc need ia the visual act. Its bmchiiun arises from 
tht corpiu gcniculatum mediale and also from the ommisfura' inferior {Oud- 
dtn's commisfiire). not previously nu*nuonod, uhit'h pa^üM along with the 
optic tract to the posterior angle of the chiaema. 

Th« posterior quadrigeinioul body rcccivea iU «oruoal libera (ifoMJtow) trou 
tlifi lobiu ttiniMralU. Thü rxlrjiardinnry (lpv<'lo|>iiipnl uf the |M»ilMior coryiB qniul- 
rigemfauni in wluil««, Bod th« hug« tncis which, iit tliMc f«r(«brat«>, pa«f from 
tlicrc to the iK-unlJrvn niiclcu* of the oppmitc side mnkc il probable iSfiltzk»] thnt 
this ganglion aUDda In ionic relation >^llh the aiidilbry iieivu. 'Ilut fvaulla of «x- 
|»*riui«-DlAl invrBtigittionn, dir«ct«d Ihvietoi ajfr in uccord willi Uii» vi«w. After da- 
fltructlon of l\\e auditorj-m^rvi? nutld, the «Mtiiidury ß tier nynl^ inn »f iho Mine 
atrophy as far «a tito poatrrioi ror^iom i)iiii<trig«mins iiiavinakjf, Bumat). 



When Been from the side, the relations of the qaadrigcminal brachia 
to the ganglia and the tractus opticus are very clear: likewise the rela- 
tions of th« corpora geniculata: the corpus (i^kutalum medialt, lying ad- 
jaceitt to the posterior brachium; the cor/tti« ;^emcu}atum laitrale, appearing 
to be thrust in between the pulvinar and the tractus opticus, of which 
mention was made when the thalniiiu> was dvscribed. 

The traclus opticus receives fibers from Ihe latter ganglion. In addition 
to fibers from the pulvinar thalami and it« »tratuiii minale. 

The opticua fibers from the anterior corpora i]uadrigemina were men- 
tioned previoualy. They probably run, for the greater part, in the brachium 
of the anterior corpu» (|uadrigeminum. 



• 



III tlie lower vn-l«bnitea tli« optic nenr« ariar-s nuistly from tlic nntfrior corpora 
(]uadri)fr>r)iinn : tlic otlirr i-vnlPia of ori^ii. cm Uie othpr hand, nr« viiry iniigniHeant. 
The jtrpat«! tli« derülopiin-iit ot Ww pccipitul cortex, however.- -the corte.t which 
send* ita ftber «yatrms piinHpnlly intn the other eenleTs*. or («nnliiala. and nnty 
Mt(ipllMi the anterior coT|>era f|Uddrifi<>niinu u-ilh a rrlntivply insj^nitl'viil nfr«r«'nt 
tmct,— the more do the flliem of the optic oervwi nri^ic (rom thene UrmiTiiila, and the 
leu from Ihe anterior qiia(lrie«<minnl bodies. This still eotillnuea In Ihe Riummnlinn 
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Kri». Tbv portion of the opticite tuiAug fiow the nnteHor corpus quadrlgfsiiBiiiu, 
Mill vory \iLtft iu the rabbit, i» ronudtirably atmphied id num. On thr other hand, 
tlw prinripiiil |Mrt of th« 6pl)c n»rv« arJ«M in nun frnni th* corpua |;«)tctiUtiun 
laterale. 

It amy t» cxpre«*vd a« fallom; Vartabrattia wkk-h an df^pmilent «nUrvl^r* or 
alinu«! vntitviv, fur viaiuu ujivii ihr |>(>mnry (Mnil«ra. or («rmiDnl», have a prepotf 
drmtinjc drTrtojimrnt o( ihr lundrifTtminal tirjiicfa of the optic nerrc Aa aoan a» 
«trtlMl tIiIoii bcMiiiM more dm'elup««!. buw«vtr, th« i>Mit«rt Mandinff in mora fntt- 




F\$. 16:3.— Tita lanniB and corpM» (luadrijtrwina mn bunt the aide Th» 
forehralu nmcyved a( the |<uiitt whrre ili <i>r<>tuil filxr« paiu inln Itu- capauta 
Ibtema. The rrtalion« ol lh<- optic radiation to (he iwatcrior part ti( Ihv cwp««]« 
inlcrnn nnd In Ihr point ttl iiiijjtiii of th« opticui urv «tioun dUjurammnlKnlly. 
ffln^lntrM, Pcduiirtr. FutM, P^, or i-runtA. MInf. ArA^ t'oalPTinr hnicUium. 
BtakkrvH* tn dm Otitic Cemtr., CwTonal Ahtn to Lh« ofitlc centera. r, Arm^ 
AaUrtor brachfum. 



HMt« tvlatlDii trltfa th« cortex— the pulvinar. th* corpni graicnliitmn laterals— 
b*«n|M> mon inportaal, and th» ^undrigeminal [tnrlinn of th« a|>U(1>« ditniniahea 
rctativcljr, 

So niiFli for the origin of the wptlc Dorv« ai reprcaeBlcd by a prepunitlaitt nl 



m 



»ASK OP BRÄT 



rb coBrORi. quapriohuixa. 967 



th« adult human bruin, Afvi^riHn^ In ./. ftlillinff, Iher» in adtlo«! »till anotli«r root 
vilikli aHcnida in tlitr pi'n jittltinciili frQiii tlir medulla oblotiKHla. 

lIou«ver. it is no ditllcuU correctly to locnt« and trace out all these flb^ra and 
UU«lci ill mau Uuit «vv utuikt ntk ouraclvci the queMion: liow (ai ar« the rclatraus 
under disciuafon suppoRed by invMilpitintut w\ uUier vcrtelinitMT Ftrat of tU, 
comimrativ« itnalnmy pr^^nt« lie optii' cenK-ni n( nwh Ringnitude in the midbnin 
of Halm und biriln lliat (tic rctiitiun* tiuiy be »tudicd thri« Diucli more easily thiLB in 
tnamnialH. ItuL in the roptlie« and aiiipliibinDR. as «t^ll as in flshea and bud«, it is 
ooaily rcMigniK'd titnt Ihn principal pitrl i>f tlio oplit^ nenv ofrttiinlr cndn in tha 
anterior rorpna quadriK^iniiiuiii. und lliut in itf course \ii>M llie corpus |[i-nirulatum 
tnlernle it »end« numerous i-o1l»l«nilA inlu tlii° gRnglion. RxpprinivnlAl invonliga- 
tioDB (Owdrfc», Ü<iii«fT, M'/noktiirt on imnnuiiilii «bow tbat «Tt« Ibc curly cxtirpa- 
tlou of an eye the anterior coqiuB quadHgemln\ini, certain layers o[ tSie corpus gca- 
icuUlum Intcrnlc, and fiber« fnini (ha pulvimir ilngfRcrat«^ Tha pulvinar in, more- 
orer. very unuU i» iiicaL miinuimla, uiid nml uttaiiiü a cnnaidernblu site in the 
Primnte«. 

It U already oWdrnl from tlir toti^going tlint nunicroiia int'thoili of inviutljfa- 
lion have been iiiKde U4e nf in «iidvr lu uscerlaiii the ci>unu< nnd teiiniiiiition of the 
Rbcr-syslcni of tlm nptii' ticrvc. I iiuvf piirimxcly rnnimunimtrd tlii<, tii ymi «om<<' 
what mono tlivruusbly bvciiiiMr llir liiitLory vi uur kiivn-lcdj{c livre ahoua bow much 
la to Iw gnintd by the upplicution u( many niHhod* lo n «ngle object; and. more- 
Av*r. b^mu«« I eüH Iiaro «oiTMithitig to tay concernin)^ nrw ailvani!^ which, accruing 
frnm Mie purposive apidioatinn of ttie iiirtUod of deeeneratiun »ml supimrted by tlift 
TMults of pmbryolo^cnl rewarrh. give very tmjiurlaRt information ronrt-rning tlia 
combinutton. and tha histolojry of tJic teruii nation, of the optic-nerve (iben. 

Ab you know, oaly those lllkcrs degenerate tvliich are separated froin the cells 
from whieh they originoti'. .\M'orilin(r a« tlii" nplk- nc-rvi' i« dnxtroyt'd nt i1» eye (or 
pnripbvrah eud or '\a iujurvd at lis terminal poiut« (or eeuleisl very differi^iil ty|fea of 
dfgeneriilicin arc [d>luiii(-d. I'hn iituily uf «iK^h vurii-d iirrpiuiiltimH hiiit leil M'lnakow 
to the (^o^elHKlon that ih« majority of th« fibers of the optie ner^'e do not originate 
ftotu Ui« cell« of tliD brain at all, hut (rmii (he large ganglionic cells of the retina. 
Th« neuraxon« Ibiil nriiv there pan hnekword in thü »]ilirus, nnd in man fnd for 
til« tuosl part in Ihe corpus |:?nit-nl«lHfii Interal* and In tb« p«l Pin Ji improbably in 
a hniah-like nrborixntion arniind tJir rrtln «itunled Ihm.-, lite white lines which 
travcroe the gray matter of the lateral geniculate body ennsiat. in part, of luch 
Bben whkh come directly from th«- rciiiin. In fnct, /'- mid >>'. KowAn y Cat<il havo 
liopn able to ahon' mcb bruah-like arbirrixaliuns of the optic lil)er« ternünutiiiK around 
MU In the roof of the niidbntin and around celU in the c^rpti» gpntculatnni laterale, 
for Tcrtebrattii of all cUmcs tsnr Flgn. 08 nnd 81 uIski), 

Thrrc are fllin*. hotnrrr, in tin- optirii» irltivh orljjinalr from thr bmln. 
From (he cell« that lie in lite iiiiporlicinl gmy Urrr nf the unlrrior corpora qiiad- 
rij^vniiim optic ßbcra certainly ari«e in the rabbit and ail. aiiil very probably In man. 
n-hlcb then go to the retina, and thtrre probably terminate in an arboTiiatiou around 
the C4-II» of tbe granulär layer. Tbc optic uerve contain« fiber*, therefore, which ari» 
from Ui" Ti'tius. and othm that arise from tlie ptimary optic centers. Kmbryo- 
logical Studie« by Ke'fhrX and Uin hnvo abown that certain of the optic fibers g^w 
toward tlie brain from Ihr Inr|{v cclln iif the n-limi. 



While -thp exiet<'iipp of tho npti<*ui» T«ota nsfierti'rl lo pome from the 
corpus siilithfilamioum and fTom the cnta cerebri has not as yet been suflS- 
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cicotly coDfirmed by the various method« of inve^ti^tiou, we may prob^ 
ably at prMent regard it as firmly established that «]>tic-nerTe fibers arise 
and terminate in the corpus geniculaCiim laterale, in the superficial medulla 
of the anteriur corpus quadrigeminunt, and in Uie outermost layers of the 
pulviiur. These lasl-minied gray innKies are designated as the primary 
optit centert. 

A conneelion beliceeti these center» and the eorltx of the acnpHal ioh« has 
if9tn provdi in a definile and taliefactory manner. The fibers concomrd in 
this form the radiatio ihalamo-ouipitalitf the apftV radiation, or the bundli 
of GraiioM: a not inconeiderable fiber-tract vhich develops from the pri- 
mary ecntere in Eepnratc bundles and pflsjea backward (rom there to become 
lost in the cortex of the euneufs and in about the region of the second and 
tliird occipilal g>Tim. 

In Iho territory from which they originate (the cortei) and along the 
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lüg. IM. — BnUob tkraacb the oort'U» j;ciikiiUlum Intrrnlc at the cat. 
Bilrw mrthftj. 6liowa Um aatmtiitr optk ßlM-n hdi) tlic «{ilittiiig-up ol Um mmt 
into tutniiial. bnuhlik« «iilwriHltun«- lAfler P. Kainft» y C^jkl.) 



prozimal part of their connie while pa«sing away from there, the oorooal 
fiber« to the separntc optic tx'uters (or terminals) are to be seponted frum 
oDc another only with diflkulty. Farther autcriorly, however, it is recog- 
lünd that the fiber« to the pidvioar occupy (h« donul. and the fib«rs to tbo 
geniculntiim laterale the ventral, portion of the tract. Only in the mo«t 
posterior rfivifiion of the intemnl eapiule, just before the entrance into the 
primary eentor» (Fip. ](i.1). are the «-(wrate parts of the optic mdiatioa 
«haqily »paraieii from one another. The pedicle to the corpu« genicnlatmn 
lies cln«e to thia as the lateral metlullary field, or area. It arises from the 
cuneiu, perhai» from the Inhiis lingiialia also. Dorxal to it, the (ibera of 
ihr optic radiation ariaiog from the two occipital gyn enter the pulvinar. 
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Farther dorsHl to Ihwe are üilusted irnct« that Wcome lost in the latticed 
layer of the thalmnus. 

These rplations of the central optic pathway may be plainly recog- 
nized in a frontsl section, passing through the nioet anterior part of the cor- 
pora quadrigeoiioa. 

Aa I li»vp na j^t i]pninn*lmtpil no «octinn (rnni Ihf iitidlmiin n-jrinn. Fig- Iftt— 
whlcb it an addllhua to tlw ImiDan broiu M-Ptiniin tleinanittnitM ourlicr — nvecU u few 
worda of «-xplanutlon. 
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V\g. IHS. — FruiilNl iwKiuii Ihmuuli tlif iDretiiutn Miid tlie iiitcrbniin »Mr UiB 
\t\kt-i' u'h'Tv flivpr* of the vh|ih(i1* iulvrnn Iwc.itu« tb« pes, «r cniHtH, of lli« «riu 

The ventricle, «hicli (iiTther a]il*riorlj' ua« riMwd 111 lUiraallj' l>y Ih« «|)ltUeIium 
of the ploxiia uli^n«, hna luirrawnil hi<Tv in Ihi* tprritiirj' uf (h<- nti><vni>ppliiilon to th« 
Ai|iuv<IiirluH f^ylfit. Over tJiia thr uiil<-riur c<iT|Him ijiinilriKrininu Ui- likr a mof. 
Stnpp llu'Mi |ir(>j«rt, a« Fig, 123 «hows, ciimewbat (orurartl IipIwppii the ponterinr nnda 
of Ihc tlinlami, lln- most pwtctior. Miuliipik ^iiKlin -thoor of Wm pulritiar — are 
HCCOfdlnRly «'Ut on i-»rh üAv of tli« mrixini qiuUrlKfmSnn. TtiU divuiion of tlic 
IliaUiniin attainn it« gn-ulMl ex|MnKion evüctly at Ihp plan« of thi« ««ctlon. t'nd«r 
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It ihm Is met, as a gUnrc at Pig. 103 ahows, the corplia gviilruliitiiin latenlir Hitd 
Uw rorpu« grniL-ulutum mrilialr. 

Th« gcniculatupi iiK^Hilc lie« in a direct line with tbc nuclviia vcntnlis tbitl- 
■nii. Toward th« medUii lint» i( lu« ihr fiber- »ystmn« ol tli« fllkt, uitli whicb, In 
th«s» ]>lan«a, «re now naao^latcd 6)nM-« (ram the roof a( tht midhnln. 

In the ventral (errllcr? of tfa« ^niculaiuiu laU^inl« the trattus opüms bcroTnw 
Kltniwt ciitirvly loat. «nth tbr rxrt>|>ti(in ol un^lp l)iin<I1«'ii thni [xtu nri-r tlio gt^i^ 
lUatinii medinlc to (he ■Iratuni lonnk nf Ihc corpora qui«iJi-iKcn>ina, 

The pM j)r<lumtill and ihc tcgni«niuin are now lullv developed. Tliey wUI l» 
men Ibnroughly doaeril)««! in the next chapter. 



h^nnint 



L HMM. 






^m- 1 ■ 

Cni>. ■*■!■ I 
■M ) 

Cup. iMtei 

If »WM ' 



Mil 

OrnMii*-;-' 



^1^ ^. 



/ 



I TnwaHM 



I !'■■ la«. 



iu> nriM. 



t iHala 



Fig. ISU. 



In tUa plane bII three nuclei re«elve ihHr alTennt flh>-r« tnm Ui* eoroue 
nulieU. Th« «plie raduilinn, rudtatio thalntn« occipitalis, and tlto pathway frnai 
Ui* tempotel h>be Ut Uw Ki-uirulmum medialr, nhtch n» dnlironlod a* the peiliri« 
(£llri| of tlie MIDI* in a pnviou» illuvlrntion. are no» ptntntf ii*ll>l«. 

tn ilfl dornl ri-gion tlw whilv inedullnry subetAucL' |>rliidii«11y rimuiin» flbvn 
a( tJie rtwpuji pfllloauni aiiit «hort auocidUon-nijcr*. Of rliir Umg (uilliirayB, the b» 
dculu* nrcuntuii ran. |>vrlm('», l>r Irai^ brr«. In it» vmtral hnlf the white oiettcr 
mnaiiti |irinripally of tbr Hbcr-eyatema that eritr from the occipital lotie. which en 
•ither flher« Wloejtlnfi to thia Inbe lleelf or eeronal libera to tbi> (hahiMua and In IW 
Uteral bundle nf tlir pr«. Ai abuut one-fourth the dbtenee from thf beac n( Uh« 
■action li«e Ihr radielio orriplio-trniporalin, or (uoiraltia longitudinal is lafcfloc. 
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Tlip rnir/i of llic fornix arc now iiu liinKtr mtii. ttiit Uini- lim uiidcr th« corpus 
enllotuni tbc broad plate of tlie pcaltrriuni. on thr? eilgei of nhioh lie the ftmbTUB, 
Tlirougli ftii intcrclian^o of filK-ri in tliin ttnrili^Tj' nrtiw the true fornix <nlumDL For 
Mow- in bi be nottd Uii? (iriirin of (lie fimbria fruiii the meJuIlan' aufiAtanc« oi Um 
lilppocain[inl rortes, nmi its rplntion tn tlin intnrior horn <il ihp vpntrirlp. 

We viti noir at once trace the optic rndiation further backward until 
irithm the apex of the occipital lobt', »o that a clear idea may be gained of 
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It Si a whole. For this räa.<ion I here demonnlriilc h sectinn iu I**ig. 186 that 
ia located aboat three-fourths of a ct^tiraeter behind that of Fig. 179. 

Tlie Rntprior corimr» quadrigcmintt are exarllv hulved. Amuj- from Ui« cut 
Rurlnco of tht <tus cerebri, the pulvinai' nnd the corporn grniculntu »n ttna in the 
iBtcrtoT o( the «ection a» th« riffht. lli« devftlopineiit nf tlie jmt pvtlunculi from th« 
otpeiilu iiitertiA 1i«r«mn Miwrially c-U>iir apon comparioon of Uiii »oction with tliota 
raadc farther anl^riorlr, hcmuiM; the tfitv» of Ihr pnliinrln from the baae of th« 
brain is m |)1ainly visible here. 
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T1it> optic ndiition hue nlrMidy cnlerMl iu t^nmual« In th« MWllon •hotm la 
Fig, ItU: wf w« it <mly «» a gray *ir<-a, in transvcrac Mction, in tl>e midM of th« 
while medullar; aulMtAni-r Iitlcnil m llir viiilricUi. 

Tlie Miction ilioum in Fig. I*t7 pnM«c down ju«t in front al tht pmtcnor end 
of tbe L'or|>n> nillci«uin. Tlila vrry InMrucUvc Mrtion «lloua im Iu tAmenr butv th« 
UpetUD ol til« 4.-orpiia calloouni di'v^lapa (roiu iUp libera of tlu' ■|tl«nkuin, «nil hoar 
tb» t«|>t~tum piiTi'lri|iii thr [Mjalrrior lti>rn of llic vi-nlricl« and <Mvt>n> ihr iitui^ mJv 
t>t thn i-omu .\ mini mi». A guirt of Dir tii|))HK-aiti|Mil uyrim — n |uirt that i* ntrophtrd. 
it is tm»— «till lip« ditprll^ iindOT the (.'orpiiA rallutiiin in man. It !■ rical/fiuitMl n» 
ihr fafoiolu (.-inrrm. The roiiiu Atiinionii is hm nwt with ia its woet jKwlerior 
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pCNition, joal In Ifonl d( Uie ooptpibil )nb«. The ventricle open«, on the one hand. 
{Kwleriorl; Into the poetcrior burn, and, on the o4Iicr. vcntralljr into the tiUerior 
bom. It b lur llito nawn that It appnini m lonjt and uid<-. Ouuid* n( tbe ofitirt 
radiation liaa tha lanffiludlnal iHindl«- abicli (Huwn tram the otwipllal lube IntA the 
Irmpnral lolM^ In the ninat doTHil Irrritory Uir nirdtilU ■till Wlong« la t^r radln- 
lion froDi tba apprnnixt ixirlinn ol tlie l<«i> i<»n1rBl pyri; fhra rollnwi. fiirtUiv 
Umnllv nn'l r^trmwlly. the IrrriUity of thr i«iri«tal lohr. and llirrctipon the invdulh 
of iW syiiu «nxuliirlB nntl Iho lp|ti|HiTal uyri. 

TIm- ■eHion lllutlratMl in Vig. IS8 li<><i dircHly at the heap o( the eanMtfi 
orciplul lulr. rtnM^lwnUjf beliiitd the «nd «1 tbr curpua cdlowuni. Tho vcnlrirlr. 
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widely opciiHl nnd cov«r«d by tli« tapetiim, Irarl« nt its donal pnil into tho padUriur 
hum; At iU venlntl end, liow«\cr,— whi?«- in^inlly tli« ftjTUs biitp-icuinpi io (ttill 
fuuitd Ui Im> L'ut.^ — ii li'iid^ Lulu iliF inli-ritit Ikhei of tlie tciufiurul loli«. [)ür«*l to 
ÜIV r'lrnti AniiiiriniH U («und l.lir- Urj^i' idhko nf flU-re of l.lii- rorplii' onlloAiim. which 
IWBH from iliif Irniiiiuiln iii thi- wcijiitn! Iidw to ilie fitrreiis imijur \ ItalkcnwuUI i and 
arc hf're ful ju«t beloro th^' enter the s|tlmiiiin. 

W> now meet with llio »dintiu owipitw-llmlttmit« in ^oa(er widtii than 
liiüicrtu oiiUiilü til, lind Uti-riil lu. tin- liitxrtiitii. Il Ihtc lie* iindrr (lie oi>iivolu- 
liottB of t)if> lcin|ioriit luho, «tid lAtjt ftiitiitUitt rriiliiiim irUp tf»Uiii* (n fA«- j;iri<u< 
martriitalit er ttiiyntarU trf<i«eutlji iraJ Ui Armfxnoj'af«. If tli« lettivnH are not 
altc^thtn' Ion Mipi-rrioiiil. they nlunyii of ni^iTB^ity involve tlip optic r.idiatioD. 
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Tb<! (uttt'iniltifl Inn2i1iidinnlii> infrrior iilwi UUc trncl fmni the ocrlpilnl Inhr to 
tha tvmponil lobel, the liaii«v(.-n>i- §pi'ti(tii of uhiüh. a» In llie prerious wctinns. you 
af^in find «■xtcrnnl le llic djitJc rftdinlion. i» here widtf than pr«vi«usly, bwmiwr w« 
now npproacli the tprrit«ry hIhtp il «i'ii;iiviiii-K. Tin- in-cullur i)b[i<|ur form ot tli« 
undirr «idi- nf the Bi-c-lidti i» r^plnitint (rnm the fiiM thiit the hcmixphm'« of tha 
ceretirlluni, wfinrnlrd iiv tW trnloiiiini iilorr. here lir ii§:iiin»t lli* ccrcliruni. 

You llnally we u Kei-Iioii iVig. Is'Ji uhleh I liavt- lumii- thniii«!i [hf uiH-i|dt«t 
lofac^ v*ry near to the [lOBliTiwr jmlf of (dp bnkiti. TIk» p(»»l«Tit'r bvrii tt tliv »«jlricte, 
which ta atill juM visihlr hb ii ?mull tinsiin-, may niriiin M-n*r «■ n poinl nt ckrirntation 
in ohlainiRg the relation of llie flhTe*»y3t«nvi to one nnother nnd m n u>h»k. 

Krcm Uic nrifriiborhodd of the fiwur« «ilciirinn, »lilcit liciir tuU in dmply, 
arlan th« optic radiation, whicli ne have now traced from IIh urliiin to it« KtidI- 
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tution in the territory of the thalamus and in the corpora quodrigemina. The last 
radiations of the occipital fibers of the corpus callosum, the forceps, are aepust«d 
and distinct from the gray matter of the ventricle. The fasciculus occipito-tem- 
poralis, or longitudinaliB inferior, lies now no longer lateral, but ventral, to the 
ventricle. 

The greater part of the remaining white matter visible in the section belongs to 
the intrinsic fibers of the occipital lobe, to the short pathways which connect it« 
various cortical areas with one another. 

It IB not improbable that tlio fibers found in the optic radiation hare 
two points of origin: they may originate from the cells of the primary 
centers and pass to the cortex, or they may originate from cortical cells and 
pass to these primary centers. 

In cases of destructive focal lesion in the occipital lobe and in the moat 
posterior part of the internal capsule, disturbances of sight appear that are 
exactly similar to those where the optic-nerve tract has been injured on the 
side involved. The outer half of the retina of the eye which is on the same 
Bide as the lesion and the inner lialf of Ihe retina of the opposite eye 
degenerate. 

A flber-trikct tlint whs ilisiYivcretl by (iaU and Himrzhflm probably belqpgs to 
the systcRi of the opticus also. It |)iissrs down lateially from Ibc anterior corpora 
quadrigcminn. and nt Iht- Itanc of the brnin runs for ii distniicc Irannvt-rsoly across 
the |H>fl prdiincnli bcfnrc it sinks into the jx-« )ii>]ir to the nipdiaii line. It then 
stlnins a piiiglion of the vrntral thnluniit' rt-gion (KHIlikfr), Tliis tract — th^ 
trtictui iH'dunciilaris fnrnÄirrdMs— dppcrerntc» nftcr the dcalrnction of one optic 
tract idiidden). It is not always c-u|iable of demonstration, und is variable ia its 
development. In Fig. 141 you see it (not designated) jiass over the right crua 
cerebri. I^robably this bnndlc is identical with that one which was described on 
page 132 as the tractiis t hnlnmo-teetAlis. 



CHAPTEB XIX. 
Tbb Teohektuh akd thb Pbdckclb of the Midbjuin. 

Tub frontal sections through the cc-rebnun, with description o£ which 
the f»r«vioMs chapter ended, led us somcwliat aw«)- from llio tracing of the 
tmets which pase into antl beyond the midbrain. 

In the description thGsi> tract* liaJ been followed to the region of the 
posterior end of the middle i>r third veulricle. On« may see in Fig- 185 
that jwet behind this the midbrain — the corpora quadrigtmina — bt^im. At 
that plac« tlic tlialami divKrge from i-auh other, the ttf^montal [u-ominence 
puahc« in between them, thus cou&idurably dccicasing the depth of the 
ventricle. 

In connection with the ncoompanyinp dcBoription. sindy, in Fig. 190, 
the formation of the r*)of ol the niidlirain. in the most anterior part of 
this roof (eee h1»o Fig. ISA) lie the fiber» of the porhrior commifstin, close 
behind which lie the ».'«rporu qvindngemina. Tlie narrow ventricle which 
passes under tlie roof has received, in the region oC the midbrain, the name 
a^tuPtiHetuf SyU-ii The cntranci- to the aqueduct lies just under the pos- 
terior commjisiire. The ni|aeduct is everywhere sun^mndcd by the gray 
nutter of the central canal. 

Now (he posterior eommiiisiire liej in the most anterior portion jngt 
behind the epi|ihy>iisj .\, pan «if iiii Cthi-n tiTli^c* from genglin which He, 
one on euch side, near the median line, deeply imbedded in the interbrain. 
This 18 easier to demonatrale in lower vertehratee than in mammal», but 
Kvllih^r had aUo rhnwn thiil in matiimnb ilte origin if the fanw. Thence 
they paw upward to the eurfaoe and, anterior to the cjuadrigeminal bodies, 
turn to the opposite side. They paes for only a veiy ohort distsneo bori- 
jontally, when they plunge into the depth of the tegmentum of the mid- 
brain, through which they puse farther hiu-k. 

As very clearly seen In lower vertebrates, the inajurity of the fihert in 
question paai laterally and vcnlrolly from the posterior longitudinal fascicle 
into the meduDfl. Through thiK n'infitrennrnt this fim-icle bwomcs a 
thiek bundle — later to he deeoribed. Spitzka and Darksohowitsch have 
eeen a aimilar nrranpemcnt in mammal*, in all viTicbrnte« the posterior 
eomiiilBäure is one of tli« firsl buinlk'»: to boeomc niodullated. 

We come now to the region of the midbrain. Let lis find what has 
become of all the fiber« which were trac<'d in the last chapter. We find 
only a few in the region which we have now reached. The greater pari of 
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the GIkk which computK! thi- inctlullarj' eulii^tanve ot the brain -mantle is not 
to he BCCD in the posterior R'cltoDe of the interbrain, They have oithor, u 
«wociution-trncU, ilirLapjtL'iiriHl iii tli(? corU'X lUelt ur u^ coronal ßbvK of 
the thnlamue Ji(ia|tp(?arL-d in c)ii< ganglia uf iliv tlialaiiuii;. A purtiDu u[ the 
curouH radiala.. {»uf^iiig beocnlb Ibi* iiiterbraiu, iirrivv» at tht.* ba»! of ihi* 
brain as thi- fieit i>e<iutteuli cerebri. Evt-n the Sber-systeui u[ the älriatum hu 
&huo6t cotiiplt'tuly (ÜMippi-urttl, onlv a bunillf to the eubBianiia nigm Som- 
ueringi being »till i)i-uiou«trubtt: («cc V'tfi- )!*t). 
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Fi]t. 100.— MnlUn MfcÜUl »fftinfi Ilimtiffti Ih» ■iil<^Itr*in unit llw HniMor«* 
fiwtFriur lo it. Tlir omni- nt « niiinhrr of mnitnl lltwrt i« liulli-nlttl hv lliMfl: 
JCur ifruri-r. To tli# (xni*. ^iimwiJfi» Tiimt». pynimidHt fllif«- //u iiliriKritiMimil. 
Trrnwnul ntlbtion. J!w rf'N Oitlimt^fnlmi, To ihr €>|ilipiu" «nt^r». Itniht, 
ffgmrvtam. tiitvmlHrmtmituttff. I'jniniiilal d««-ii»Hulitm. 



In th«' plnno nf tbf Inoi ti>i>tion n part nf thp Jamimr mfduttarrs thalamS 
and Mpiviallv u Ittrnil bunrlU-, ibc mtperiar lrmni»rux fmni ihi^ iIialamuK. 
may lir tracMl. KurthenHorc a few small bundles whirh arise from the 
i-oqiuK mumillnri' and the G^\. habcnulte niiiy In.- m-vn. 

ilaring mtv inailu our»elv«B ectnewbat fatndiar with tb« structures in 
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the region of the corpora (juarlrifi^einina, let iw study ft «cction through the 
anterior t}iiadngemriml hodii'», the »tnicturea nt the tegmentiim, and the 
pediinculi cerebri (we Fig, 11)2). 

Taking beariii^^ from stnicttires already known, note on each side ex- 
ternally the palvirtar thalami, from which tht ojitic nerve appears to come. 
The corpus smicuhttnit lateral« sct-nw to be inclosed in the courue of the 
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Fig, JWI,— Shmving the tnnsition Inmt iJii' iiitprbmin to thv rnidbnitn. Thw 
•Mlion i« fmni llir l>riiin nf ii ling nn<l i> iil>niit niii- niiliiinrtrr ]>(iiiE<-rior to that 
Bhuwii In Fljt- 177. I'umiiare <an-(iiUv Hit- »i-ii™ rrpn-veiitrd in FIfpv llH), ITU, 
J7T. miH 101. NtiTR; Llw (.'timmiijium ji«»!., xvIkihi- iniwl. nnti-rinr AIhtk uro 
•cvvn-il: Uk- tlrtiliita :vnalt. ftlirr« from the antrriur i^iuidriiri'iiiiuit] bodies mUi 
III« ofilii'U*: Ui^ pulviaHr: llie Sue. rrnlmU» llMlaml; Wir Suirrrtor frniitfuciM 
«It tillPt \Obrrr Hihitiff), whidi i« iii-ftror i\\> tnciliun linn nml Urg<>T limn in 
yip. 177; Ihr famrirutuK rrlntflrxu», wliidi hft» pnincd off frfini tin* Rgl. halmn- 
ulw: thp tmwt uiitt'i-ior filjc-r« of Ilie Inferior iMiiiiim-u* 1 1 n(. Schlriff). nblch 
nrlM« friiiii ii (.'ray rim-Ii-iu. lliul iin-rirr» irilir tlic iiifilitiii rniirrow iif llii> corpora 
f)uailrigptiiiiiB ; the iiiii*l Hnlrrii>r tUx-ra iif the «euln-niuliiriu» iRadirt»« N. [Ill; 
th« ptintrriiir I'litfjitinfliial insrieir. whiL-li aroiw in (lie ]>rc'L'i>i)lii|i hh'IIciii l>y a 
h'Vi fl1*r!t froni its niidi'ii*. ii'iw (rrxwii l»r([ei : [lit npfic rtidtaHon [HrhAtrahl- 
imfll. H'liirli J9 Uli' iwiiHi" nf III«? iinU-riiir i|iiadrippininal hniiy ami of itie por- 
|>UR grairulntum lutrmlc. Ttic Urgr nuck-ii;'. ilr'igiiiitrd Xuvl. ixnlr. thnlaml 
gTudiially mvrg*« bi-liiw into tlip corpu« fp'iiti'iiluliim mMtinl». Not» al*a the 
drriiMntinn tictu^rn the cnrnuft Animoni« nnd t1i«> juMiliun nf ttie r<>rnix lanjtu*' 
the pt'* (leiluncull Üi« ilraLiim In («mini in in cumituaH. of filwrs (rum the 
atirulnr gnnjriinn in tliR ttgin «ubthnlaiiiiiMi. 
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nerve (see especially Fig. 395). It receiTea a bundle from the snn of the 
rnrpuK i|ua(lrig<>minitrn aiifprhm, well ihown on the It^ft ^ule of the fi^rc, 
above wKk-h one will tvva^mzc the corpus 'jemrulalum medial«. Beneath 
the pulvituu the pea ptdvnculi emerges. 

Jn the p« are contained fib«« of very Tttried origin. EmbrjoIögicaJ 
atiidi«« and ii!{K>ciaIlv tbe exact traciug of secondary degeaeratioDF, which 
recutt from cerebral lesions, alone make it posdbl« to delerinine where tho 
different tracts lie. There ie already a conaiderable niimbor of well obfienred 
casei of partial degeueration of the pes, so that an eiiumeratio» of the parts 
of the pes may with due certainty b«* j^iren. .Acconling to Dejuriac's in- 
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Fig. l>fi.^OraH'W«tiim ihniugli tho ror|<<)r« f|iiiti1hKruiinii •iiiiTKff« iM-in*^ 
what ilM^nuiiBMli«) . Vf/rHrf \'lrrhuiffl, {.'ory. •)iin<l. «nt. .(r-m «Ir« Vtrrh., \rm 
of UM CUT]!, quad. Uuubt. Tppnrntuiu. t'u**. (.'tiMta. or im jinluiti-all vurtbrL 
SeliMfr. I^niniM-uii, or HUH. Hi»tfrr» t.ttnfffbUHdfl. KmcU-uIiu luofitltidinaU» 
|x»»t Jtolhrr Kmt, Nuvlrua nitwr. 

Tcsiigatum», whirh covrr the lar^i'ttt amount of material yet studied, there 
lie in the »ulcr fifth of the jHra tiliero uliiiOi ari^i' fmm thv middl« p«rt of 
the temporal lobe. In its median tUth are nbera vhich pass down from the 
r«jSion of the oporoiihini. In the middle thny-fiflhs of the pee arc found 
the fibers fmm the posterior jxirtion of tlie fmntal lobe and frum the true 
molnr iTgiun. All of these bundles arise direct from the cortical cells and 
degenerate when they are interrtipted anywhere bctww>n the cortex and 
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Um pou. In about the middle third of the pee, beneath tbccc bundics, lies 
also the tractm cortic<>-«i)iaalif, the pyramidal tract, the only bundle of th« 
pea which extends farther than ibe pons. 

Dorsal from tlic pes pedunciili lies the strattim intamudium (iee Fig. 
19]), with fibers from the (Corpus elriainin: then tome« the 8iib«tanti& 
nigra, an aggregation uf fine nerve-fibrils and ganglion-cell«, the siimiQcailce 
of which is ütill quite uulcnovrn. 

In t))e te^tmntiim one noticee at itnoi- the two Int^v, round, reddish- 
gray bodies; they arc thu red nuclei uf tlie tinmen i inn: nudei ruhri t*g- 
mnnli, or niielei legmrnti. The rorpn« sublhaliijnieum which lies near them 
(see Kig. Kit) (loo« noi Bjux'jir tn the plane of thii* s-ecrion. 

The red niielcns, into vrhieh (ibera pas» from the Ihnlnmufl and from 
the cerebral cortex, is at this point rich in mediillated fibers. These paa» 
ventral to the pnsterinr unadrigpminal l»odiee, and, for the most part, decus- 
Mte there with those of the oppoeite side. They belong to the anterior 
cerebellar peduncle and the doeiissation is called the decussation of the 
anterior (superior) cprel>p!lnr peduncles. This decusaalion is very promi- 
nent in u fntnial sectiun Ihnmgh thi» region, farther jKisterior these tracts 
^Tractus tegiueiilo-ri-rebelUn'ti — farm thick bundle« which lie external 
to the red nueli-i, iind then |miss farther and farther to Üie side and finally 
reach the outer surface, wlienee they pass backward to the ccrehelhim. 
Since, after iojunr of the rerebeilum, the superior peduncle d^enerates as 
far a« the tcicmientiil nucleu**, its ori^'in must be in the cerebellum and its 
end in the red nueleuB {Maliaim, tt a!.). 

A nearly horizontal section through the tlmlamus, the corpora quadri- 
gemina. and the eert>l)t>lliini, fullnwinjr llie plane of the superior |>edunele&, 
gives llie relaliun» betwetn the thalaniUÄ, the red nuclen», the tegmental 
radiation, 8up«Tior (>eduncle8. nnd efrcbelluin, as shown in Fig. 193. 

In the fiTchflliim the itnperior pfdmiele enti-n* llie corpaa denlalum. 

Kxtcrior to the 1e>rnu-ntal uueleue lie» a thick bundle of obliiiuely-cut 
fiber« (ecc fig. 193), which appear to emcrpo from under the corpora quadri- 
jjemina. Tbcy pa*« ilowiiward in tlie rofrion dor^l to Ibe substantia nigra. 
The Übers arise mo«t1y from the ganglia of the corpora quadrigemiDa and 
are called the inferior hmnisrus. or lower fillet. The upper fillet from the 
tlialstiiua lies, at the level m>w bt'ing conmdered (see Figs. 191 et stq.), 
Bomewhat external to and below the red nucleus, and appears as a separat« 
bundle of transversely divided filier«. To the ouleide of it lie tlie fibers of 
the lower fillet. It thus happi*np thnt there i* u broad band of tronaverMly 
divided fibers just above the substantia nigre, which i» ealled-the layer of 
the fillet, or ttwUim l«tnniiiri (see alw Fig. tfl-l). 

Tba graatvr part »f (ho utrntiim ImnniK-i ran lie trncpd inwti^inrly Rt far n* (h« 
nadct of the wnvurj* ner>'«« an^l r>f tb« ]xMU-rior t^olutiiiis. Mejncrt ftr>l ilouign- 
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«UmtrtI thill in i1 Kr b«ve « wpmvnl of ihr wnMiry tract. Kmbryolnii^y »ad nmi- 
(Hnnliv» »nitloiny «i{uallf kulMtHntiutD Ih!» |>u«iliori. Ijitrr n« kIuiII tncr tlM> fBrthar 
<-our»v v( tlw fi|]«t. 

Thiut tlifl «initiini lemniRtri containn twn ctemffDt«: racwiaHy Ihp upper 
anil laterally ihu tuwi>r U>tiiiiiiMuis. TIh> lover Ivmniflcu« ^Wttvr calle«) Ivni- 
DtKiiK nf the Riidliniiii) nrii>ps citiefly fmii) a sititcni r»f HWr* not yet men- 
tionrtl: viz , tin* «Irep iiuirmw. nr dee|> iiu-diillary flrntuni o[ Hie niiilbrain- 
rocf; the remainder «rises from the jianglion of the corputi quadrigemisum 
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Fig. IKI. |liii)(Tiirii»iUilir liuriMlltlll «^Ibtll tlirf>U(|ll tlio ilwUMntiMi ol tkt 

•iiiwrtiii irrvhrlbr fM'ilunrlra anil vicinity. Thr bunillr to the oplic tncl ka 
qufwIinnnMr. Itlfrltr Faitm :vm Thalamu». I>im-t IUipt* in the thaimt.«^ 
ilatth^itatrtihlwifii, Tv^iDcntni ntdmtion. Ntithrr AT", TvffnwniHt mirlf-u». Ä*- 
irioN 4rr I IrAUjN-l. K<-||ioa n( the corpora i)uai)rifnnina. flindnirm, AMmar or 
fup«rior («r«t)»IUr p««! uncle 



pit-tiTiHii. On itn «>l)limif fpMiiinl ecotinn through both puir» of qtiidri- 
geminal bodies thin is fiearly *liown (see Fi^. I'M). 

Thv panglion in qnoetion consists of a large, round niictetw AIM with 
a net-work of QnL< (Ibfn. As the ganglion of the posterior qnadrigetninal 
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body powcaec« only one nucleus, it doc« not »how the etruti&cation of gray 
and white *nb«l«ncc characteristic of the anterior qufl(irift*niinfll body — the 
optic ganglion. It i^ eoiint?ctcd with ihe ganglinn uf the oppoMic sid« 
through fibcrg wliicli pu« over the aqupdnet of Sylviu». 

Phj'logenetit'Jillv ihf deep nio<lii)lary »dratum is a very old cystt'iu. ll 
is iiol Uokiiig even in ihv iiio^t «imply coDstructed brains of Ihe Imult vcrte- 
brates. and in these, aa in the human brain, its libera become niedullatod 
very early. He libers* arise in iIk' ronf "f the mi<lbrain from kyers wliit-li lie 
ventral to thutte from wbicb tbe optie nen'o ari&c«. From thie origin tUvy 
psm radially inward, but turn ventniUy »ear the central gray matter which 
«urrotinds the aciiiediint. The mo«*t lateral of these fibers, united with thoae 
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Sc»i/ffrii^iy. 



Kt^, IM.— An obliiiur fnintiil m-c'Uou Jii llir \i\»iw iiiilicHicii in Uic »re«*- 
tfiry Bj^ir« i.Schnit\rifhtuH'j\ rontnini; Th« |iT«nl«<r port o( the origin of III« lower 
lemiiiM'tis (or itiidbriiin-fllk'l)- llipinalaxylin ntjiin. For Hrnch. ant. rcwd 
bracliiuni jiuvlk'ttin. Titft* Miirii, Ooe^ medullär;,' ntraLiiiu. l.'mtr. 11 oh I ftii/rau, 
cvutntl (fpi-y HiHtler. Srhlfifi'iijii-Jiirbt ■(. I'nuf, ^liiitiiut li^iiiniHci jmnli*. Hchnitt- 
ridituns. Dirrctinn of »n'tiii». 



which come from the opposite side, paf« into the fillrt. but the more mesial 
onCB engirdle the aquedurt and innstly deriiSHite ventral to it with those 
of the opposite side: ''foimiii in-like" dceuFsation ([-'«rel). (See Pigs. 195 
and l»d.) 

In fiahcK and l>irds the fiberi« of the deep tnedullary lover arc eo strongly 
dtvclo{>cd that their eoiirae is easier to recoi^iite. ßiit in them a« in tho 
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ampliibians and reptiles, one recogt)iz«<« tluit tticsc fibers, $o far as tJiej do 
not peiiti into the fillet, I>cl«ng to the mi«)l)rain itself nnd end in celh partly 
OD the sflmr fiifle and partly on the opposite side. At the corret* ponding 
point in the human hrain there are also froupe of cell«, the gtiH^Hon pn>~ 
fundum tMientipkaii laterale et metiiate. 

Sttiltne4 i-cllo in thf tianc of th« mMbrntn pritbiihly givt ortfirin to m *r«1«in ot 
Aben, vtry int»nting pli.vUi^rntlii'iillv. It «ill t* m-iilW llmt in bony ÜRh« at 
tlita kMMiiun llipic U a targ<> (^ngllon. Ui« Tarni MmloircuInrU. and cbwt (lom ii ■ 
larga hundl« may b« folla><«(l iulo the laUnl tract«. Boyce hu recently eucL-««ded 
in flmUnji, in a «lit Ibrough uno miIp of th» lirain o( a rat, a bundle which, begin- 
ning in ll>e bun« of th« midbroin, m*j, throi)fth operntircly IndunM) d«)(*n*nttiona. 
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F%- IttA. — Fil>«r* aritinc in thf rmtf of Uiv miilbniiii. Duranlly Ui« Tractua 
0|iliFU», v^ntrally l)i< Avt^ nM-ilnllan- layrr iTirfrs ifurJt). DiRgrnninMlip, 



ba ioltwwrd out »( th« midbrain a« far doimward an th« *nl«ii<>r and lateral «ol' 
■aUM of Uic aiilnal cont. 

In the central gruj* matter, l>c1ow th« quadrigemmal bodies, apptair the 
firat gangtion-cvlla which ^yc rise to a cranial nerve: norvu&oculo-motoriiu. 
Knim ihrir union, the niieloue nervi oculi>-raolorii, the root-fiber« «f th« 
nerve pas« Yenliallv throtigh the tegmentum and the crusta towarfl the bsM 
of Ihc brain, vrhere they pass out nnited into thick bundle« (eee I-'i^. 199). 
The motoT-oonli nerve fcntains fibers to aeroral rauÄcle« within and about 
the eye. Sinee nuclear puraly&is of iudiTidnal muficlee of the group supplied 
by t1ii« nerre hiw been olwen-ed. it is very probable thai the nucleus con- 
stats ot ■ coraple-x of «mall nuclei, aomewhat separated from one another. 
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Id maD a manifest division into several portions may, in fact, be observed. 
Quite forward, partly in the wall of the third ventricle, lies, on either side, 
a narrow, small-celled nucleus, the nuchiis anterioT. It sends its few übers 
somewhat backward to the main trunk of the nerve. Posterior to it lies the 
nucleus posterior, composed of large, multipolar cells and extending along 
nearly the whole length of the aqueduct. One may recognize in this nucleus 
an arrangement of the cells into groups. One dorsally located collection 
of cells is clearly distinguishable. While all the other motor-oculi fibers 




Fig, 106. — Floor of the aqiueductun Sylvii, looking upward. Nuclei of the 
motoT-oculi and trochlearis nerves. Partly diagrammatic. 



emerge from the aide in which they originate, tlie fibers from this group, as 
discovered by Gudden, pass toward the median line, dip ventrally, and cross 
to the opposite side. Besides the dorsal division, a median one may be de- 
fined. It lies exactly in the median line and sends out root-fibers both to 
the right and left. 

Fig. 196 represents partly diagrammatieally the nuclei in the floor of 
the aqueduct and their relations to the nerve-roots. Note in the figure two 
small nuclei joined together anteriorly (a and b). These two nuclei, first 
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ASATOMY or Titr ckkthai, Nimvoirs ststbm. 



wen bj me in fotal Itrnine and since more careXuUy sliidietl hj Westphal in 
adwlt brains, lit- iu a (Il-ii!4i* nut-work of m-rvt'-fibtTti. It is not yot ucrtain 
whethur llicac fibtTs-un.- In t-onnection with ihe m«tor-ofuli nerve, and if ao 
how the coanecliuD is made. Then- is sucli iin uiray of clinical obiervationa 
and of fuL-la durived frnm ptwl-ninrtcra diRSortinns that one may Tenture to 
dcttgnsTc llic poniun oi tin- luicluiit: from whieh the innervation of ueh 
individual ocular muscle come«. J giT« here Starr's table, the latest of tbcae 
numoroiis attempts itfi lia[>)ii]y fK'ipin by Pick. According to Starr, Iho 
nucU-i of ihi* iiidividiial niUHk« ari^ arraii;;t'd ttom before backward thus: — 



Sphincter iridis. 
Levator palpebra>. 
liwtus sui>orior, 
UbIitjiiitB inferior. 



Musculi)» ciliorie. 
Kectiia internus. 
Roctus inferior. 



Tlie nerves for the intriiuio moscle« of the eye arise proliably fnini the 
anleriar nucleus. Hie croatwd (met, poasibly aleo the tnedtnn port ion of the 
poeterior nucleus, are to be accredited to the iaiemal rectus. Clinical öb- 
senations show that there must t>e a direct and a eroaeed connection bo- 
tween I hi.- mnior-DCuli nerve and the centers of the optic nerve, but the 
auatoniii'id ba.<iii^ fnr thtü hos not yet bn-n tvtablisbfd. NK-work« and 
bundli-s of tiber« through irhich the connection might lake place are nbun- 
diint in thin n.'gion. Dut up to the preiient time thert* hii« Ik-vd on thia point 
neither a concluftive e)L)M>riment nor a coarincing clinical ob.<iervntion vith 
a eubsequunl po^t-iiiorlcni deniotb^tration. 

The motor-oculi uuclca» lies ventral to the aqueduct of Sylviiu: 
i.e.f in the floor of the iui»f<liicl. Ijller, as vre proceed to study the teg- 
mentum Imekwanl, Me uill meet in ihu region of this flour the nuclei of 
nearly all the other cranial nen'es. 

At the beginning <>( thin ehapler il «raR xtaleil Itiat ßbers pass Itnrkwiinl 
from the posterior commiasure. Toward ii point localcil inesially and Ten- 
Irally from thece ßln-t» fine hundliv cimverpr, which ariee in the interbniiu 
below Ihe nnteriorniicleui< of the oculo-motorius. The lu-ctional area covered 
by theitc bundlod becotne* proprewively iLTcitler from before twckward. Th«T 
are reiufon<ed hy many libera from Ihe molor-ocull nucleus itself. W« shall 
meet the »nmevhnt Irinn^^iilnr rroRs-ms-l ion of Ihis fasetele, which w made 
up of »uch varied constiluenlf, iu all the siH'tioiiK from tlie corjiom quadri- 
gominn don-n to the be^nning of the Rpinal cord It i* called the iiattrrtar 
hniiittidinal fiunrlr (fntrimlun htujitudinalis posleriur). Since along the 
whole course of this handle übers pass from il to Ihe nuclei of the other 
cranial nerves (readily aeen in a felue of air or seven months, where few 
other filers are mwlullatcd). and since itc posterior end lies much beyond th« 
nocleu« of the abducent it in probable that Ihi' posterior lonptudmal faitoicl« 
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ooiitfiius, beaideH the libers which connect the ocular muscle« among ihein- 
Bclves, also (ibers for the other cranial nerve». 

The posterior longitudinal faMricIe ernrle its most anterior flbcrtt much 
farther forward than to the nucleus of the oculo-inutonUG. In the central 
gray matter just anterior to the Wglnning of the aqueduct is S collection of 
loige yanglion-ii'lls from wliifh a mimher of euch fibore arise, — nueiexta 
fasciculi hnijituiUnalis superwris (Bee Fig. 179). This uueleus iß demoD- 
strshle in all vertebrates. In mumm»]» it Itps in thusi? planes which ven- 
trall; Inti^niwt th« pof(t«nor ))art nf the corpus mmiiillfln'. Inasmuch an ic 
IB found in all vcrtchrat«:, and always from the intcrbrain to the TC^on 
of the anterior columns nf the spinal cnnl, it must be reco^izod u aru of 
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Kig. IDT. — Ix)ugItuüi]Ml, nir^irly medino. sKtion lliroiigh the midbrain ot a 
lU4>nty-right »(-»kV hiitiikn fclti«, j^rllj lhTi>u|>li tlie out^r unll of Uio aqn^ 
duct, afaoHiDi: Ihr «id of tlinl p«n of the posterior laiigltudin«l luwicl« which 
Mottg« to tli(> DUvteus u( lli(> ocultMiiotonuH. iUrhuoeitilottr. ilidbrkiB-plnl«. 
BM. Läniftbi'ndfl, Poat. kng. ftKid«. Utntvlm/ikrl. Tea pvdunruti. 



tht fundamental features of the brain. (See also Chapter VI, Vigs. 43 
and 44, and text). 

The boundaries of Ihi- numerous »Tiitem.i of fiben! to he found in the 
re^on of the corpora qiiadrivvmina can only be sharply dilTen'ntiat^i 
through sludying th« development of ihcir medullars- sheaths. In Fig. 198 
we have a »ocli^n from a nine months' hwman fetu», through the anterior 
quad rigem inn 1 bodicji jiiüt ot the posterior commieaure. All of the fibeiB, 
which at thJK «tage of development ore meduUated. are etained vith 
hsematoxylin. 
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ASATOIIT OF THE CEXTEAL NERTOrS STSTIUI. 



Of the sinietiiros nnmoJ in the fijffuri? the email olliptical «reae (ft), lying 
betTvcn the rvd Dtiolei, hav« not been prcvioiiely intiiUionvd. The liliers 
here cut aris« in th« j^au^lioii baUvtiulä' tlialami mitl ^»isä fxiun it ilou-nvard 
and backward to a unall i^aogliuti, whii-h Hl's Wtweon the cvreUrul j)c<luncl(«T 
the ganglion •inlerpedunctiiare. Befure cüttTinK this jcunslion the fiben 
d«.'u»*ate. Tlie Imiidl« ia callwl tlie truclns habtnulo-peduncuiari«, the fo»- 
cieulus rtfrcfltjrus, or MeyntrVa bundlt. It« cuutmi tx liuit t*xa in Fig. 144. 
In the frauglion habcnulic code the greater part of th« taenia thalami, which, 
as above dewribcd, paaecs up from tlie lateral portions of the olfac-lory area. 

Tbc fpitijlion int«rped uncut AI» nas dbcovnrcd by QaMea and Snt «sactljr 
dMcribaU by Fortl. ttuddru kboved titut »It^ ilt-ilructkin of on« ganglion hnhrn- 
ul» 1h« (am'inilu* rctroHvxun n( l)i^ mbio uclf iiti'lvrgoM d«-Mwn(lint{ degnwrAtiun, 












!!::f:>^y BciJs^- 



Fi|c. IM.— Kionl«! ■rrtiun tliraii|tti ihi: untvrior i(u>(lri|[eiBiiiMl iMdin ef ■ 
nim inonUi«* rftii*. <• •'i.. «. K., niip«T Bllei cmd lonrr flll«t. NinJ. Ufwifcft., 
pMUrior longitudinal Iom-IcIi'. 



and that Ih« daganmlM Abnn aaij b« follonrti «■ l»r ni tbv ()|ifi(iaii«> gnngtion 
inlrrpcdunt'Ulan.-- li»n»fT dlitratcred nni>iJi«i bundle fnnt Ibc li-|pi>ciitiim to th» 
gnu^liun InUrpedunt-'UlHrr. 

Th« author'* InvMtigftiion* on normMl Aagt and an one in whli^h th« habenulftr 
flllgllan bad l>rm dMtroj-rd show «till furth«- farts: The Knngllön Int^-iixduiiciiUrr 
Ib Aoga contlita of five different gangrlia, in front lua [MWT-*liaprd 1>i>dir> lying ti«l« 
bj aMe, fovcrrd \<f a lint plat« nbirh lie« b««i4« Um (o^nviHniii: |x»ti-mrly thin 
group ia inclmrd by a inncb tarfcvr. horMttMa^ahaprd (nmjilion. nbiiw |foatpriar 
portion «onstllutM Ibc main huly nf ilio j^nglian. The tlFRiIrr anlrrJur limlta or 
Ihia gnng^linn rtrtrivc th« Abvn <>f IW Kaaricului retroflp^ins. n-hidi 1<hm- Iht'ir ntrd' 
allary ■hMlb* immwllatPly attT tlieir rnlnncp. In ibr Ijurd tb* Gn\g\ mathod 
■hotra that adirr dcctMaatlon th«y bmik tt|> into inniittKiubIa vtiry fim* Irrnitnal 
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1. HidbraJD-roof : (a) Corpus quadrigeminum anterius, from which 
the optic ntTve arises doRally tuid tho deep modulkrj stniium ventnlly; 
(A) the deciKsation of th« latter abov« th« aqueduct; (c) the central graj 
mailer which surrounds the aqueduct; (d) at the outer margin of the central 
gray matter Hps a small nucleus (not before rai-niiuued), whose vcBicular ccIU 
moy W found ut the mnxf relalivi; position in all section» of the midbrain. 
»om it AriE«s a siendcr bundle of tibcr«, which putee down, receiving acces- 
sioBB conlinuouBly to the pons, wlierc it joins the emerging fibers of the 
trigeminus. It is the midbrain-roof of the nprviis trigemini«. {find. •h*e. 
V, Fig. ]»» ) 

Ib Uie RK)( of Uie niidbruin wxv mity difttinftuinb « rath«r fuut Btfaliflmtjoa ul 
aUeniatiim gnif mnd nbit« mattrr. 'Die miiiuU* slnictiirv Ol tlip luicn i« not 
BulHoientl}' known In lli« honmii ImsIil In luammnti one may f^nnnllv differ- 
cntUtc in Uk ontcrior (luadrigvminat hoAy Lhe followinp UiTcre fraoi nitbout in- 
waid: I SuiuTflcint mnmM nud grnv mattrr, — Ihr riiti-Tin^ Ubwi »I llie ofiti« 
tract,- 'Dl lui'Iii«-* ufti-r rvlirjxilion »f Iti« *j«, und J* ritdimmtaiT' in tJi« mal« 
(Ganwrj. £. i/iddfr jrrwir maltn; n ilirccl <:untiiiiiHlti'n »( llir »»iierflcial {tnij 
uuitu-r; liMt «Uidled in birdi, and, awurdlnft lu Co/flJ and tirkuchtrn. It «onlAlaa 
nuntcroua c«lla K'hvw neuraxon» uaunlly (mm down into tlie fillet, but wtiOM d«n- 
dril(Mi br«4ik up int«j twig« iintiin|f ihr fln» (trniinnl mniflrjiiifiiM whidi tlir optte 
nervi- wnd« into tb» mipcrfli^ial gray ■i«tt<^. 3. l/lddfr mnrrtiw. It Iim witliln nnd 
bi-ln» Ibc middle gny ond «unUiiM biindim fnmi llir »iitlettt radialium, but abo 
olluir fliM-rs. lu II dcf{«ncm«a only In pari after ruiiiovnl u( Ibc cuirMjioiidlng Mir< 
t*x. 4. Thf drtf fitti/ matter and thr derp mftnvitr. ut tlivp meditllart/ alivtuim, 
Tbf gny Rial4cT La Uir rontiniii>ti»n ii( the K^'niTid uny matirr of the <iiiiidriit)'iiiinal 
botUe«. Tbe deap mirrow contiiin« tlir divp Üben nl the sirntnm lemnisri, nhicb 
•prbig from tbv dnfi nnd middle gray of Ihr ijiuidrigraiiiiMl Iwdjr. 

2. The Tegmentum: \a) In the ventral portion of tlie CMitrxl gray mat- 
[(■r. the nuflru.* poftrrinr mrdiali* ri hlrratis of Ihe nemis oculo-motorius, in 
which paM) tU*en appar^'riitj from the deep marrow and «ome from the poa- 
teriorlongiturlina! faarirlp. (6) I^ateral from and bordering on the pofterior 
loniritudiuKl fnet-icle. (ho fiK-rs of the posterior commissorc. (c) Externa] 
to ('') ■ medullated area which cooie« from the thalamvt and which left it oa 
laininiL- mcdulkret; it probably contain» a biindJc from the nucleus of Ibp 
trigcmiiui« to the thalamus, {tt) Th« lowtr fillet from Ihi- <|Uiidrigeminal 
bodir-K, nnd the upper ßlet fmm the Ihalamiui. {f) The nudms ruhtr ttg~ 
menti, from whidi ariM numerous fibers for the superior cerebellar 
pvdunele«. {f\ The "fountain-like" iegmrntal deetutation. (j) Tho ftu- 
eieulua rtlrüftt^us. 

i, On the boundary l>clween the cru^ta and the tcgraentiim one recog- 
niu-!> liu- atihitlanHa nigra Sritnmfrinfji. into which numerouH fiber« flhe 
slralum intermeiiium\ pii«? fr«m the nticlru.« lentifiprmi». 

1 The Pel PednncoU: (a) Th« piframidnl tract it shown still non- 
miNlullalwl, a» it appi-ared In a epecinra from a child fonr weeks of ag«. 
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0) Tlic fibcre wliich lie on the median side of tbe pyramie originate in the 
lohus frontnli», tho^o which lie outside of it, in the lobus parieialifl et tem- 
pornlis. [e) A bundle leaves the pyramid at thi« poiut and. skirling the 
border of the pes^ joins the lillet farther bark, forming the median layer 
of thxt etructtiT«. Spitxlca make» h probable, tin comparative anatomical 
gruumls, that this bumik cuntaius the cerebral tracts of the cranial nerves. 
(d) Internal to it are räible tjic root-fibers of the motor-ccuU nenv. {r) Jiut 
before their emergence tfaer travcriH; the ptduncuius cvrpori* nnxmUlari». 



Til« cuunc u( the fibrct in Ihn ttialninic mid (ul>UiB,Umic rc^on i< lc<* thor- 
oughly kno\Tn thnn in moot utber Kgiona of tlie brain. In tbia obscure Drltl. M«yuert. 
For«l. Gudde«, Kliwhjüg, Cdiimt, WiTiiirk«, Mouitkow, KUIIikiir, Uin niilhor, Mid 
otliers have worked. 

TliiT »rifnn <if the aptie nenre has bwn inveatigiileil by Mi>yDm, J. SUlUaff, 
Tartufori, Gudd*!!. B«llon<-i. nnd by Mo)i*k<m* Ito vhom «c are indi-bl«-^) for nioat 
ii)]i>orTiint [imgrv!i4]. by IlrRKlirn. rf nl. The mntor'Oculi nucleu* is bciirr kuonn 
Mimr [lii> bilinnt (if OuiUIcMi, [Vrlu, VVtstiihnl-SiPinprling, I(enih«imer, Krillikvr, «nd 
thv aulliur. 

Il is of consMernlilo im]>(iitiiii(.-(? to knun iihnl lu ri'gard am (alrljr ar<>urale 
■igiui ol diwMM of Uic (lUfldrifivminAl rr^oR. ]]i«i>AM>-jM'i in lb* ft^io (mhthnUinin 
enciiiintor sw-ti « Uiiijlr ft vatiuiiK Htwri llmt ihp retullant »ymptumn ithnw gmit 
dii-KT'lly. A {Hwitüo diagnmi« ixitild t«irii>)y be jwaslbLe. 

|^-«ii^r» in Ihv crrrbnil |icdiinvlc intrii-c|>t tho moLor llben t« thr oppuait* 
half of the lMid,v atid liwd. I'hcri' Duiy Im- udib-d M-imciiy and vnaonxitor ilitiliii Imdit». 
UiiUhIIv. hrtnci'j-r, not "iilj- pumlysiii i>( the ".imiositc e\lrpniiti*i and of one or «creral 
maiiifll lii-nr-i n-iiillü, bub alnn wcnkncf« n{ the nintnr-ortili at tlir imtno r-'idr. WItcn 
Mniuliniit'iii» {iiir:ily*i<i nf one Dciiln-ntolorliiit nnd rif the op[io«ll* half of the bi^j 
«xula.onc may ««»prt-t a Wion Wlow llir it>i|H'n» '}iinilri^'ti>in*. SurU iHilicnIii iiiuvv 
the Unib<i uf iitie »idi- fn^hly »r not iit all, nlillr on Ihc «|i)Hiiiti: lidc Mn-ic nir ptnri.t, 
ditalnfion »f iJiv pnpil. nnd nln! iti'tion of thii Qyehttll. A hnHiil tumor inaj produM 
the mme syniptoni* ('.'/. Ki^. 2371: it ih, Ihcrcforr, dinendttirnlly iniporlflot. whfn 
panilyal» nt llie ocular miuck-* und tUat »I Ihr «;i1rrnutii-« npimr tOKethtr, tvhii-h 
rnuld only ari»o (aa in the liU't'inenlioned i.iim-1 tlirouf-h h pi^ciiliar combination at 
eitvumat*ar**. Wlirn anivKtbmia in prmrnt, il i" likruinc conflnrd to the oppoaita 
aide of the liody. The ÄeD'H>ry tlli(-r« probably ruuitie in the flUeL 

If tbc di«-!»^' focrUK pKli-iid* farthrr dorMlty, i-i<iichin]; tJio corpora qiuidrigemlim 
tbeniM-lvoit, there ennuo naturally. Iiealde» tbe unilateral or bilateral uculu-nitilfnr 
piiTulyRi>> of diiicii«4> of t)i« nnlerinr (]iiadrigpniinol bodies. niM visual diilurbnnee; 
octnMonally nothian atmomial can be ffiunO •■phtlinlinnooopiciitly. With tutuon 
here, bj eltewhcm la tbe brain, ther» may (ullou ehol^ed di«k. uplie atTD|ih]r, oie. 
UkiuDy pupillary' nwr4Jon i* lo«t. 

• The symptoBW uf diamM' of the puslrrinr i^tiadriKi'ininal tmdini nrr not kno«r>. 
DistiirbBncea of wpiilibriiin) nnd enordinnti«» have nccoinptinit-d il. 

IHxate Qf the t|uadriE'niin™l region nijiy bi- Mi»pef(cd whcji pmrolygi« of Loth 
motor ocidi la pretent witboul peripheral li.f.. baoalj (-■»»!>. or »hen only a portion 
o( one motor ocnli i» injun'd tr.fi., only tlio inii>rB |o the int*m«] meltM). \jmicm» 
of tho prripheml trunk i-ould ncnrndy prodiirc thi>. «iich pnralfMa being nearly 
alwayi nuclear in Its oTiglii. 



CHAPTEH XX. 

l^Hlf POKS AMD THE CbBEBELLDH. 

It wm learned in the fort^going chapter thnt ttie bundles of fll>en from 
the cerebrum and the thalsmencephalcm* are, in the region of the meteD- 
cephaloD. arranged in two diderent Inyer»; the pes pedunciiti and the teg^ 
menliini. I*<ii>terior to the eorpuni qnadrigeniina the aqnsiduct'Ufl hecomet 
much widened. Th« pes ted the tegmentum pafs under it farther dovn- 
vard into the meloncophnlnn. Only on* constituent of the tegmentum, 
the anterior pHunele of the eerebolhim, which i>riginale« in the red oueleua, 
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Fif. SOD. ~Tl»v pcduDCulvu wrtbri tud \ht pons a« »txn KHtcri«ily. TIm 
trncl of twdal tibeni. wliicb dota tiut leritiiual« lu tlir ^xin», it ali>(l«d. ffln»- 
almM, PvdtiBciilUD rcntoi. KIHiikim, C'cmbplliifn. 

puHS now from the floor of the mesencephalon dorsdly to the roof of the 
metencephalon. This roof derelope into the ftr^Uiim. That portion of 
the centrat t-tinal whit'h lie» under it if the contintiation of the aqneduct 
and Is cfllled tli« fourth rentricle. The floor and lateral portiona of the 
metcnrephalon contain the continuation of the pes and tc^rmsntum. 

XoU- (irst what t^eoines of Ou' fihere of the pes: Xol far posterior to 



•8m kIw (liaptvn XV] ana XVII. 
(310) 



THB FOK» AVD TltE CSRBBELLUU. 



311 



the corpora qimdrigomina ft thick while muss of ßbeis Lies rentral to the 
cerebial peduncles. Det«cendin^ from the cen>Wlhin). tlicy embrace and 
cov4^r ihe pediil rt-giuii in a tliick iay«r. The^ fibers takoD together are 
called the potia. 

Only a jmrt of the fibers cover thp nnistn externally, — utratum super- 
fieiale pimtis, — wont cif them ini-ade, from both siilec, ilie ß ber-system of the 
cru5ta, dividing it into isolated fasriaili: iifratum compleium et profiindum 
pontin. 

It will he rememberod that of ihe fiher& whicli pas6 ventrally into the 
crueta from the cerebrum only a portiou can be folloired &i far ae the poos. 
ThcHP were the f(i*ciculi from the fronlnl, pariclal, nnd temporal lob*s. The 
pynimidiil tract, fmm the region of the cent rnl convolution«, pawe« through 
tliK pons. Almost (he whole inner third nnd the whole outer third of 
(he rnista terminate in the pom. Beyond the latter only the middle third 
of the pci — namely, (he pyramidal tract — passe» out (see Fig, 200). 

The fibers of the pons come from above out of the cerebellar hemi- 
ephercs, embrace and penetrate Ihe fillers of the pes and in the more ventral 
regions, — stratum superficiale, — terminate, for Ihe nioet part, in the pontal 
g&ngiia of the sflRic Aide; while, in the more domal regions, in thngc of the 
oppositf side (Min};bii7zini). 'ITie pontal ganglia are gray i[iHi«es filled with 
a retii^utum of fine ribf>rs, in vhich one may follow hoth the fiber« from the 
amm of the pons (brachia pontis) and the tracts which arise from the cere- 
brum. 

Thriiii([h llifi invoatigntion« of R. R. y Cnjul it hn* lii-cunu' ^uitu rirloin that 
tite etriiii;{ c?urtK'<v]iuiitiil faiicivuli raniUy luound Uic Urj:!.- i-tHb uI the pi>utal j-itnglJ», 
And thnt the nrm« to ibe eMwbellufn «r» forrnwl Ifoni tlie npuraxcinit of thn"* c»Il«- 
Itul ciiiM-rliiH'iita Hiiow, mUo, that a piut a( the jmiiIkI flbon clef^ni>rat«tt after tx- 
tirpfttioD of tlic cenbdiuiii. Wt inuat, tliertr«Te, (-oiiclud« lliat. as in inany otber 
bunUI«?«. MO in (l)i> arm« of 1h<< pun« llit'n< nrr lllirnt vliii'h |iuui in IhiIU ilirvrtiant. 
fwmi^lr: Ulipr« fruiii i\\* («IIk of tlii> i-i-ri?W1liim I» tliv |idiiIii1 );Hi>{;liii. ami fil>i-l'9 ItOm 
tbe f^nplia (o th«.' tPivbcltuni. 

til uniinuU uitli a rvUtiv^ly MuntI i-«re1jruni the |>ons la also aintill. l'utu|>ar« 
f\g. HI villi Fig. 180. Htxc in tlic i-aH llicre n Been a tmnevcrM erstem of ftberti 
nirptin IntprzKtidr*. lyin^ lirtm-rn the ih^IjiI iicid lr|nn^ntHl porlioi» »f Ww potrn: it 
».yiArm of fili^n uliifh, in man, i» eovi-n'd by pünlftl fibcra. It Minlaina tbe bttdoiili 
whicli Ixjutig to llitr acusLicuH. 



In niiimmulH tbcrt' i» «ddcd to tbe pontal fibt-rs that tract from the 
cerebollum tothi- tcRmenluni of ihi- mcdiillii which wo-x demonstrated during 
the consideration of the brain of the Invest verti-bmli-s. The fibers of this 
tract do not poae into the pontal ganglia, but diverge from their course, 
deeiii!«a1ing dorwilly in th» raphi- of the pong, nnd are lost in the gray 
mailer of (he tegmentum (see Fig. 201i). 

Tho pes pcdunculi is split up by the pontal system of Qbere and iu part 
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dirertcd to the cerebellum ; the tegmentum, liowet'er, pass«« tfaroagh the 
pontAl region only «ligbtly cban^d. 

In the last cross-wctioii through the r^ion of the corpon qtuidrigeimn« 
(Fig. 199) vre had Iho follovitif; cewntial constitacnt» of th« tejnucntnm: — 

1. Th« gny gabetancc ibout the aqocdnct, tof^cthcr vith th« naclei of 
its DervM 

2. Jtelov it tho post. long, faüci cuius. 

3. Outside th« lattM- «r« tb« fibers t>f the commissiira pogterior. 



V n ■» iw<i. N»< , 



• l*T<*-. 



Mm m Ti t^*t ivii. , 
UlllafclinM 



IMlMinf i«nM 






Tr.1 



ETfe"^ 



Fig. S01.-4 uul A. Tmu Hdioiu through tli« moitt aDlcrior itortion of th* 
\no». Hs- ^1 " hIkiu« tlK* (-»r|i. qiuulr. pmt., vrnir«) lo which arr l)ii- nuclviu 
of Ihr lro«hl«^ri» und th« dpruMutt»» nf th« milrrvir rvrebrlUr [mnIuim'Im. Vuk- 
tnll)- oar icr* III) Ui« kO dianrniitnutlii-flllj- ouUinr<I the p« pcduncuU wblchi oa 
Ui« rifht, te ih»uB ta (w Invrrwd bv pnntal tXmn. 



4. The Oben from (he elri« medulläre« thalarai. 

5. Tho red nucid in the center of the t«xin<>ntum. imd Ibe ccirebeU«r 
ptdttBcI«« arising fmtn thoin. 

e. The Hll«t. 

T. Tlir Pedunonhiii rnrpons tnamillam. 

8. Fibers from Oie deep tnedullon- Btratiim near th« medhiB line. 
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Ak «tilted above, the nqiicdiict widpn» oat ioto the fosga rhomboidHlia; 
tnd tho KtirroiiDding grey giibelancc aleo inrrca^ce in aron. A now niidens, 
niffifM* n. Iroehlearts. ie found below the eorp. q\iad. posr, Tbe fihcre of 
the Trochlesria do not, howe%*er, like the fibers of the oculo-mot-orius, pas» 
downward through the tCKineiitum, but pus» hntkwiinl imnK"«Iiniel>' after 
their origin in nearly horizontal tlirecUon, tiicn rise and decuwjite finally, 
in the velum mciluUarc nnticum, with thoev of the oppoeitc side. They thus 
leave the brain on the dorsal side juet posterioT to the corp. quad, poet. In 
Kig¥. 201a and SOlfi portioae of the course of the irochlcarie are neiblc. 
In Fig. 196 the whole eoiirsp of the «erve ie depleted. 

The posterior longitudinal faacicuH and the fibers of the posterior coin- 
missiire, letaiDiag the same relation as in the midbrain, pats down into the 
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Fig. 301A ehoMS clearly Llic cUangt« In Ihe tcgmentain which occur Jurt 
poatcriur Ui tli4> foi-poriL qiinilrigi'inina, Xi)tf nl»» Ui« dt'i'iiiwition of the trooli- 
Itnri*. Cotnpnro in tin- two «cctiotiB thv «ain-«|M^nili]ij; iu«.-ieuli. 



tegmentum of the mednJIa. The same is true of the stratum Ifmnisei. To 
the latter netr filters are added from tbe lateral margin uf the oorp. quad, 
port. Thej lie outside of the linrizontal layer formed by the upper and 
lower Jtltets and are usually deüignated aa the tattral filltt (lemnisciis later- 
ale) to diftingiiish Ihfra from the fornu-r or median ßtld (lemniaeiw 
mediale). Tbe luterHl fUlet from tbe posli-rior i{ündrigeminal body goes 
almoBl eichisively to the termini of the auditory nerre. In them lie group» 
of gasglion-cclb. — ntiftetis laqutaris, — the neuraxons of which mostly join 
the ascending and di.'si-ending fiUcte. 

In Fig. 20S oDe sees aborc and externally the triangular lateral fillet 
riiwing downward to tbe hori2ontal median fillet. 
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The Sub^tantifl nigra, and with it the stratiiin intormcdium, do not ifK 
pear in t^ectioiiü in the region of Iho pon». Of the continuation of the stria 
medulläres ihnlanii nothing i» known with certainty. 

Ev«n beforo the pon)«t region begins, the r«d nucleus always Iwconm 
smaller, and iho «oterior cerebellur peduncU-, which arisw from it, i»asse« 
further and farther tu the outside, and finHllj uppc-ur'' ns ttro strong bundles 
of Gbere which lie between the region of the red nucleus and the fillet. In 
Fig. 201a the fundament of the cerebellar peduncle appeaiä; in sections 
which, falling slightly p<^'terior to this, cut the velum, the peduncles lie 
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V\g. SOS. — Krrlion lhr'>u^)i Um- iiiiprr |>nnl«i n-^iim jiiri fiuiiterior to tba 
«urpon qUKilrticmtH«. Fiuin n nialh-niuiitli Mu^. niniteiirm, AnlerioT t«r*- 
IwUar pedunelc UrUvlc. Pons. Sehlrtfr, Fillet, y/lnt. /ji«ff«AtiiMM. Va»t. loo^ 
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much nmivr In (he in-riphery (Fig. 201&); und in Fig. 202 they form. 
tliiniigh the velum itieilultiire poFticum, the outer boundary of the figutc. 
Soon afterward they Rink into the rcreWlliim (Fig. 810, Ä). 

'Ilic rcjtion whirh is left free through the dieappearonce of the rej 
nuclens i» appropriated by the now increasing libers of the subetanha reticu- 
laris, whieh will he «tudied later. These or« fiber», mostly longitndii»), 
which may 1>C followcil from the lowest levels of the oblongata in gr&duall/ 
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dsereuing mase up to tlie midbrain and beyond to the most ventral region 
of tho tlifllamue. Thpy arise from cells which lie at the posterior eud of 
the Iruet and from colls lotalL-d ulon^ the course. In a dog lai-kiiig » thuta- 
TOMs (hey were intacl. We have to do here, probably, with a system which 
joins to^eibur JifTiTent level» nf the tfgnipntum. 

It is not diHicull. if une lias tincc thoroughly understood the sl^ilimncu 
of the separate fields of a good section through the corpora quadrigemiiu, 
to find the «mic iu setlions through the upper part o£ the pons and to 
interpret them rightly. The changes concern, in general, only the location 
of the cerebellar podiiiifle and the conformation of the gray substance under 
the widening aqueduet where now nene-nuolei arise; then the accession of 
the lateral fillet to l)ie »tratiiin Icni nisei and the increase of the systems of 
the eubetautia reticularis. 

But whtu one makes cros«-ecctionK farther back (he piutun- is essen- 
tially modified. Thiß occurs through tlic fornuition of the c«rebtllum trom 
the roof of the ventricle posterior to the velum medulläre anticum, ond 
through the intimate relation into which the oereheJlmn enter« with fiberg 
from the tegmentum and fnrni the pes. 

Cct«b«nar peduncles and pnulul arms ditappear in the cerebellum. 
From the medulla and «ipinal cord come fibers whicK arc interwoven with 
those of the tegmentum mid turn also to the cerobelluui. 

It is therefore advisable to luivc for a time the tracing of (he tegmen- 
tal (Tflct and pa?Ä to the study of those part« of the central ncnrous syalcm 
into which the tmets di»ippear. The picture of the tegmental F^'Slonl will 
doubtless be much more easily comprehpnsible after the reader has become 
Bomewhal fauiiliar willi the arrungeineiit of fibers iu the cerebellum, and 
after he has learued to know (he structure of the spinal cord and tlie niediilla 
oblongata. 



THE CERBßKLLÖM. 



The cerebeUum coniucita of a middle portion, the rermis, and the two 
hemisphcrts. It is in twiineeliim with tlie thalauni? anteriorly through an- 
Urier certbellar ptduncUs from the nucleus ruber, and with the verebnira 
vcntrelly through tho braohi« ponti«, the middle «wfieWar ptdnnele«. 
Through the first it roceiveg prinoipnily fibers from the IbnlnmiiR and from 
the region of tho tegmental radiation; through the second biindl«« from the 
cortex of the frontal, parietal, and temporal lobe«. A Ihird connection blnda 
the cerebellum to the medulla oblongula and the spiiial cord through the 
poifarHir cerebellar ptdvnrlt^ — the corpora rtsUfurTiiia. 

In the following figure, which shows the cerebellum from abo«, 
one may note: — 
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1. Th« ponlion with rcfcrenc« to the eorpora quadrigcmiiut, from 
bonrath whieli (htf istt^rior of>r«)>«11ar p&dimoIi>« p»^ to tho <>(>rpb^llum. 

2. Tho general win*oruiuiiun, witli ilic verniiB in the middle and the 
hemjiipherm are subdiTided into «eparat« rather large lobes. Thow of th« 
vcnni- nre amiiijnil tiboui ilie rafdulUrj- poriion in a position aiinuUtinc 
tin; bludo» »f t sliip'a propeller (see Fig. 20ß), 

The Tennis ie connected on the right and left with tbc white eubetAOce 
of tbe cerebellar hotnisphcrc^, which are diiided into lobos by deep fiwnrw 
ud into ridges bj shallow ones. 
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l-lf. S03. — ^Tbe rerrtKlluiD. (Dan«] napvot.) 



Tl)o ilorul liiirface nf tho vormis i« called the snpcrior vermiform proo- 
esa. It is divtdiYl into: — 

(A) lAnifula. far fonranl bplwnen the [»ecliincle«. 

{Ji) Lobulu» frnlmli«. pacing into iIk' ala- lolmli eentmlis nn each aide. 

(C) Monticulu«, or mount, of wbich the anterior port is called the culm 
and tlir ponterior juirt the drcUvilu, 

{It) FoUvm r^rmis, or fol, cacuminiii, at the posterior end of the nip«- 
rjor Teruiform proeeee. 

{E) Tu6*r Mfwif, or tuber Talnil«, 
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TTpon Lhe dorsal aspect of the hemiapheres may be difTer«ntiated: — 

I. Lohua qvadranffulariä or anrerlor tipper lobe on either side of the 
Donticuhts. 

fi. Lahus semilunaris suprriar nr posterior upper lobe. The two pos- 
ierior upper lobes are connected hy (he folium cacuminie. 

The lobee of the uuder surface of the cerebellum are shown in the DOlt 
fignie (S04). It presents & rather complicated pictuie. Id order to prepare 
epeeimens for this view the cerebpllum must he neverod from its connection 
with the midbrain, — t.f., Ihfi nntenor eer»0)fl!ar peduncles imwt Ue uevered, 
— then from its coDnection» with the pona and with the medulla and cnrd. 
Thus on each side there are thp three cross-sections of the cerebellar 
peduncles. Between the aniertor cerebellar peduncles lies a thin membrane, 
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tlic veium mtduUant anticurn, which is a part of the roof of the moten* 
cephalon. The cut surface of it is to b« seen in the figure. 

The lobes on the ventral surface of the vennj« arc called:— 

1. Modulus. 

i. ÜTula. 

3. Pyramia. 

4. Tuher takula, jnaking the houudarv between the ventral and donal 
surface of the vermis (bcc Fift- 303). 

Th« lobes on the ventral snrfaci? of the hemiephcn» are: — 
1. Floccuhta, on each »idc of the nodulu^f und moored by the slender 
ptduntulu$ floccvli. 

t. TensiUa, on either aide of the uvula. 



AKATO¥V OP THE CENTRAL XERTOCS BTSTEM. 

3. LobtiM cuneiformi», Iring extemai to the tnnsilla. 

4. LobuM potUrior inferior, th« nnterinr portion of nhich U called the 
lobua gracilis and the posterior portion the labu^ aemilunaris inferior. 

In Fig. S05 on« may see on either side the three iiiedullaT^* procmes, 
or commissures, which pft&s to the cerebellum. The filfcre of tJiese Bomrni»- 
eiirvs |Hii?i^ into the oentni) while eubstanc« of the hcDiispherc«, thence into 
ÜIU nivilullary portion of the indiviiliial lohen, whence they extend into the 
hiliitip« and ridges. Theap ridfcca are covpred with gray cortex whioh every- 
where follows the cxinfnniialion of the mediillan' milKitnnoe and thua gaina 
an extension which is greater than the outer form and flze of the cerebellain 
vould lead one to expect. 

The vhitf! suMance of the hetnispheree is oonaiderahle in quantity. 
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Fig. ZßS.-'DiF Ilit4i- jMira »I cmrlictUr prdanrln. 6, Cvrpora ijuadri- 
ftmin«. S, AnlTior eemtictliir |H>duwli-. 7. Mlildle »ntwllut |wdatKb. or 
Braoliiuin poplM. 3, ro*l«nor (vrt-Mlar poluriL-lr. 1, Foha rhonboMali«. S, 
eirüe ■cuiUnr'. 0, Ftllpt. lAfbr lllnH-lilrld ami {«vrill«.} 



The accompanying sagittal Miction of (he eerrhi'llmn paMeK through the 
crnUT of the vcrrnis (Fig. SOfi). It show? how the medallary subetauce is 
coQtinuoua anteriorly with the velum inednllare anticiuin, nhich extends aa 
s thin membrane toward the coqiora quadrigemina. This thin membrane. 
atreti-h^Hl U-twccn the anterior pedanclee, forma a transition from the roof of 
the nieRcncephalon to the roof of the mcteneephalon. Upon it lies the 
most anterior lohule of the nuprrior vermiform procc«)!: the Urt^ia. 

'Vhc peculiar picture pre«en(ed hy the longitudinal section of I he Termis 
has, from time immemorial, borne the name arhor ritit The central por- 
tion of the medullary part 'a railed the eorpu» Iraptioi^rt. Into thin there 
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ifcpBrntcIy the liugiUa, lobulua centralis, uvula, and nodiiliis. A 
ibcr (five) of the lobules of the inonticulue urc united with tlip r<Tifwa( 
branch {Vert. A) before their jiincliire with the main tnick of the nrlior 
viim. The postmor portion of the moaticulu«. together with the folium 
cBcuuiinis and the tuber valvula;, unite to form the horizontal branch {fforii. 
A) of tlif arbor vitic. 

Pusteriorly the Tchim raf<iuliaro posticura passes from the cfrobfUuin 
fflB roof of the foBSs rhoinlioidiiliä as fur U8 to the tcnniniition of the posterior 
»Innin of the. epin&l cord. This roof ccnBJete only in it^ hitcral portions of 
rather dense ti«««e, principally ncuro^'li«; in the median lino it is simply a 
layer uf cuboidal epithelium. From the pia numerous vascular loops page 
into this inemhraUB aud press it somewhat into the ventricle (plexus 
chorioideim ventricuH i^uarti, or plex. chor. niediati^). But the moat later' 
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Sig. SOO.—SagilUl mmUoh through tli« inidiUc of Ui« Vermi*. 



ally located portion? of the membrane form, in the region of the oblongata, 
aack-llke pro;cciions whose median wall, through vascular loops, likewise 
becomes a choroid plexus: pkxtm chorioideun lateralis (see Fig. 243). In 
the median as well as in the place of origin of the lateral plexus perforations 
arc found fü,Vv ajid Reiziut). llie middle one of tlie&e opening« is called the 
foramen of Mnjondie. It i* of grent inipnrtanoo in the ready eqiializBtion 
and ndjiiistnient of %'arin1innF of prctmiirc in the ccrebro-ispinnl fluid. 

Into the cercbelliini pass the Ibree pnirs of eommi»rUral arms. 'ITioy 
peas into the central white substance and form connections there with gray 
nuclei; they aUo send fasciculi to the cortex of the cerebellum. 

In the cortex one may eveii with low magiiiilcation difTerentiate three 
different layers: Externally lies the ton« mnleculart»; internally the sona 
ffranuhsa; while between them one finds a layer of very krge cells — the 
«lis of ruriinjt. 
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Bftcall that in Clmptcr III it was ststt-d that according to recent v'lawt 
th« eoDBvction of one ccU to uiother, in the central nervous eystem, is 
«6tablii.li(?d through the protoplasmie prooeseeB of one cell being surromided 
b; the terminal raBiißcationfi o( the neuraxone of the other. Since the term 
neuron iuctudf« the veil uud its protoplasmic proccsees with the oeuraxon 
and it8 terminai nunißcaüoi). one may my: In the whole ncrvotu ayatem 
there arc ionumerahle seponte ruwrdns which arc a^eoeialed together in the 
manner described abore. An example of this ia nlso found in the olfactory 
lobe. In the minut« structure of the cerebellum vc may verify the ptin- 
ciplo jiut formulated. 

The cells of Purkinje (see 1 in Fig. 207) send neuraxonÄ down into the 
zona £rauuloea and into tliu medullary layer below this. On the wa^ they 
give olT eollateraU, eunie uf which bend around, jiaia upward, and breaV up 
into branches around the t>odr of the cell. The dendritic proceases Bie 
extraordinarily proriuc, especially in the sagittal plane, — leas bo in the 
tnuuvvr»; plane. If one wielic« to get such a view a» ia shown in Kig. 207, 
the sections must bo cut transverse to the fissures of the cerebellum. 

The profuse dendritic branches arc now intorsperscd with thick fibers 
(see Z, Kig. 207), which, coming from cells of iinknonTi location, enter the 
cvretwllar medulla, traverse the zona, granulosa, finally breaking up into 
branches in the zona molecularis. Thus, every cell of Purkinje is placed 
in connection with a dijilinct locality. Hut then- is a kind of cell in the 
molecular layer which i» adapted to bring into connection with euch other 
a number of the Purkinje colls. Such cells (see 3, Fig. 207) send out, nearly 
parallel to the surface of the cortex, a long ncumxon, which gives out flno 
proceeses at inlervalä along its course. A procee« fi&me» to the body of one 
of He Purkinje cells, and breaks up into branches around it. 

'ITie granular layer consist*, for the most pan, of email polygonal c«lU 
with large nuclei (jw 4, Fig. 207). Each one of these cell» »enda out a 
number of short dendrites and a neuraxou. Tlie latter pasaca outward into 
the molecular layer, where it divide» into two fibers which are transTeree to 
the axis of the body. In the figure this division is indicated by a short trant- 
TeiTie line bccauw the section is a sagittal one, — i.e., transverse to the oon- 
Toiutions of the oerobellnni The numemim dot« scattered over the molecu- 
lar layer in the lower right hand part of the figure represent the Mctions of 
Ihaae nouraxons. ßeaideo the celU ju8t deücribed. there are, in the grannUr 
layer, cells whose ncurainns break up at once into very fine twigs which 
ramify among the elements of the granular layer and »hoüe dendrites — not 
unhke those of the Purkinje cells, though less branched — are distributed to 
the molecular layer. Furthermore, there end in the gramilar layer fibers of 
imVnown origin whieh enter thin layer, from the medullary layer (see 6, 
ilg. 207). 




Sig. 207. — Diigniiniiiiitic ugitUi Miction UiToiigh tlie wrotwllai mrtrx. Golgi 
mdliod. i&tter dranings by S- R. 7 Cajal and V. Cfthachten.} 

Üiick nieduilated fasciculi, 2. That in the region of tlie grmialar layer 
only curved pieces of theae fibers are shown. 3. Thst these form a true 
plexus of nncdullat«d fibers lying in the sagittal plane below miil between the 
Purkinje tells. Running in the same direction are separate, thin, medullaled 
fiber», — not hIiowh in the figure. — which lie just bcyonii tlic bodies of Iha 
Purkinje ceüe in the molecular layer. 
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The cortex of the cerebellum has been thits described in delnit l>ccause 
recent inTedtigation? have shovrti that in progreeaiTe paralysis degeneration 
of fibers and other I'hanges niur take place here. 'Hie knowledge of the 
anfltattiiL-iiI relatione miiy thus become of great importance in invefitigaiions 
in the realm of pathology. 

All ports of the cortex are connected with each otlior through platted 
fasciculi which conform to llic contour of the cortex. 
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Tig. 908. — Section thniQf[h ttie «ortlnd Uy«r ot the oerebdlum. Ilwma- 
toxjrlin »lainiim. Kvrnrrathlckt, Zona grnnulaa«. Rtndt, Cortex. MnrktrUtt, 
UrilolUry fajrielc. 



The cerebellum preiumts cullection« of gray matter besidee that which 
{■ in the cortex. On either side of the vermis lies a large, much-folded 
DQcleu»— Torpiu denlalum. On the median side uf this other gray maaan 
are met: ßret tlie KmMu»; then the A'uc/eiM glohoau», an elongated etruct- 
urv with a tnhurosity at the posterior end; and, finally, neareat the metlian 



mC POKS AND THE CERKBELLITM. 

line is the micltus hgrnen-ii (nuc. faeti^i)- These nuclei arc beet brought 
into view in a nearly-Kuri7()iitil »eLtiou tlirougli the cer«bcUiuu, a» is shuwn 
in Fig. 20!J, taken from Stilling'» AlW. 

In such a spcttoQ one may note iu tbo midtllc the white eubat&ncc of 
tho vermis ami the nuclens togmenti; antomr to thi? o decusMtioD, the 
anterior fummitisun? of the vemxin. Tn the ripht and left lies the white 
niattur of the hemispheres, in which may he seen the nuc. globosus, the 
emhoUis, and the fohled mediillnry lainina of the niic. dentatus. The deep 
clefts in the surface correspond to the Assures between tlie lobes. Between 



Kg. 200-^ — Horizontal eeclion through th* perplwllum, Tlie "wtion |ia»-ii. 
throtigli the rtgicjn umkr llic cuq-. <)uiiil. yT) tliwi Ihrou^h tti»; «nt. ttrelwllar 
[K-duDclK (Ä|. and l)ct»e«i Uie*e tlitoiigh (lie liiigiil« ( J i. Abo«- Llils II« llie 
mi(>. f-ginrnti \m), to tli« trll »f tJtf- nur. glohi^tiia I Vff.i. thi- (-mlioltu iKmh.), «ltd 
Klill fnithrr Ui ttir niilr within Ihr hi-niiBjilicre III«* (-ur|iiti rlt-ntar iim n-n-hrlli i(?rfr). 
Cor».. Anlt-ttoT «kviiMiition-GOHiiiiUdUT». Hrm, Flbra> tcuiiciiviilarvs. (.Ittcr B. 



the peduncles (K It) npon the velum meihillare nntioum lies the hngnla 
(.4), cut also in the hoTizontal jilanp. 

All of the nuclei here seen in the white substance are connected with 
each other through bands of gray matter. Their relation to the Qb^r-syatem 
of the vfhite substance is »Imoel wholly unknown. 

If one make a ft'L>ntal section jiii^t posterior to the point wherv the 



IXATOUT OF THE CBimUU, KBHVOITS 8TSTB3f. 

anlerior peduncltw ejiter the cerabultuni, one will tint! doreally the ocrebeU 
lum, ventrally the pons and tJie ßbers «'hich p*f» from it on both sid«« into 
the hemisphere*. Between the ccrcb<'lliiin and the tegmentum, bounded on 
eitJier side by tlie dividetl peduncle^ lies the fourth Tentricle, which is the 
widened coniinuation of the &<|ued\ict of Sylviue. The medulUry «alMtaace 
of the vermis due« not U» in the plaue i.>f the section. The tegroentiun and 
the pes, the latter traTersed bj the poutal fibers, Lie in the same relative poai- 
ttone as vh«ii s««n in sections through tlie region of the corpora qoadri- 
gemiiia. 

We bare found that fihrm past through tlic three pairs of pednnclcs 
into the cerebellum, 'ilieir course within tlic ccrehellum is still very imper- 



t'ij; 2li>- KioiiUl o'irlH'liiii Hitii)» jii*t itrilrrivt lit til« ciiliii'n- V, Vi-n 
Irtrulun ijiMrtu*. A, AntciiM pnlunclc. J*, run*. Hon. IJecutMtlun ioiul Cr., 
Fltx^r* fruiti ii>rp. tvH. |imivuiik Io Sfm, tlit> Itbtw uiiiictrrulnrM. lAHcr B. 
BtUlli«.) 

fectly known, notwitlutandin^ the fact that Uenetlict Stilling hus deiMited 
long yeore of work to the study- 
However, the work of tbo iait few years, «pcciAlly thAt direclt-d to the 
tracing of degenerations which follow a total or partial extirpation of the 
cerehellitm, hue fnmiehcd a large number of imp^irtonl facts regarding the 
topography. So it is at last possible to elucidate the origin of Uie se|nrat9 
arms. 

TIic diajimm irfven in Fig. 811 showa upon ihe frontal «vtion«. through 
Uinae port ions of the n-ntral nervous aystem wbii^h are in immediste aaao> 
dation with the corcbelltim* the most important facts at ptceent known 
regarding the connection« of the ccTcMInm. 
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C«iiip«raUve «iuiUiiri,y «nit cxin-riinml * in df^vtimlion imifoniity aliaiv thai 
in UiB curvbrllar coniwclion» one initM ilisrply dilTprpiiiiate bcLwoen the Con«X of 
th« lictni*ph<>TM and the «iri«x of the v«nnia; »]k> bctti'**» th« evrcWIUr c<i>rt«x 
■nd Die gHQgliii. On cünipnrntice ■iMluinlntI grtmoils thi- uutliur m-kuiw tbe coqma 
dcntaluni witfa tliu vrrDii*. .Vnt n *ina1l jmi|Mirlii'n »I wtial i» «aid iii llie Ulvnilure 
«f dv([VD«r*Liuu OH Hiro|>li>' ufUr iainrj^ ot the bcnUai^Tcs rcfen 1q tnjurki ol the 
Inlnvl portinn of th<> vrrtni». 

1. In th« lint place it moT be dvlfrmincd thai tht- nnbrol eonntition — 
ßnt develop«! in nmniinfll«^ — is fnmii<bcd hy the brathia poMig and it «e- 
c/iiJir»/_V tt'''A "" hemisphfrf* of fhe ctrrMlum. W'hcncv nriscs tlie iMcnding 
fftMicle which trtversp« the [lon» oiidliig in the [i>gitK>ntuni? The srms of 
the pons contniD fibers from eellg of the intni[ioDt«] gnng^lia: the tata» celU 
with which thtf ni)mi>muB L'ollat^isls of thf rpr«>hru-iK>ntiil tract connoct. 
S. K. y C'ajfll hns ticnmmtniu-d this. Kvi-u di-Ki-m-Tation* of luiig »Unding 
inTolria}! th« Ahcre of the pve do not cauM* t-oiuplctc dvj^i-ncnitioii of the 
pon». Thf fact that iiflrr itiiiova) of « .:vn;lK-llnr la-misphcn.- ft Urjii.' part of 
the potiR rrmnin« intntt mdiont«'» ihm the fibortt in qiK^tion oriie from tho 
poiiin] ganglia «tid not from the cen'b«lluin. Hut, iitfverthelci*», the dia- 
app^arnnce of a considcrahk' nrnnher of fiber» nfl<>r the operation (Marchi, 
)[iD^'hiizzini, Fcmcr. atid Turner) make« it pr^giiiUNble that at lea^t «ome of 
the libera of the pon« flri8c from cells of the cortex of the cerebellum. 

2. It tnav be deuion^tmted by »evcrni methods that the anltrior etrt- 
btliar peduncltg ariM fruui llie nurleiii' tltnlatm; they may po.^ibly aUo re- 
ire fibvrs from the ncighbonofr cortex. Much the greater part of the flbors 

after decu«?ation in Iho nsl nncleiw of tlic lepmcnlnni beniiilh the 
anterior qunrlri^crikinnl bodicp, A fimnliet p«n of the tibere end in the 
Dudcua ruber of the «aine »de nnd ««'ml ■ fev fibers farther forward to the 
rentral region of the tbahimnn. (Thiü last point is. however, not yet fallr 
c*lalilii>hc<).) Since a troet from the caudal portion of thr pArictal lobe 
end» at the nucleus ruber, it is erident that there exiata here an indirect 
ctrebro-ccrebcllar eonneclion. 

3. The posterior «cerebellar peduncle« are verjr tntich more complexly 
confttrurtcd. In nnler to tnake their fonnntion qnite clear we must divide 
them into (I) a median portion havinj; connetiions with the sensory cranial 
nerve«, especially the aru^iifu»i. and into (Tij the curptix resliftirmf proper, 
conducting übers from the opposite olivary body and frt>m tlic spinal cord. 

The mfdinn portion and the traeta to the »pitial cord are inherited from 
jvmolv nnti(|nity: but only in the tnaiiunalf do the bundles to the olivary 
lies become well marked. 
The corpn« rentiforme end« almost exriuaivclr in the middle portion 
(vermis) of the cereWllum, where its »eparate faseieleB ]>&(^ t» different 
repions. The region of the nucletia teffmenti. nnd thif nucleiw itvelf. a (ha 
terminus of the nweleo^errhelhir apparatus. 
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to the nerve-trunk». But r«ceatly doubt has arisen regarding it, sinco the 
tract ha» not with ptrffct oertaiuly beeo traced beyond the nucleus. At 
an/ rate, it is wiser at preeeot to designate the acutem as tr. ctrebUlarü 
acwtlici, etc., and not aa the direct sensory cerebellar tract. In B'ig. 21Z, 
trnm a aefeu-month human fetus, the reader vill recognize a part of the 
timet wJiidi poascB into the N. trigeminus. 



It. THE CORPUS RESTlFOnilB rBOrKR. 

(■) The Tr. cerebcUo-spinalea. These tracts ar« much better known 
than are the üeuKory funiculi of the median portion. There aro now three 
ol the tract» known: — 

1. Unr of these Is, on good grounds, looked upon as the secondary con- 
tinuation of pofiterior root-fibers: the Tr. certiftlh-spinalu donaliSfOr the 
latenil cerebellar tract from the rosicular column of Clarke. This fascicle 
conctitutcs the major ]>ortion of the spinal connection and, curving mosiallj, 
indoeing the corpu« den latum, passes 1o the cortex of Hie superitrr vermiform 
proeeaa. 

2. The Tr. cfrebrlto'spinahs rmiraiit, or the bundle of Oovers, vhose 
triangular croKS-sei:! ion may be »ccn in all the sections shown in Fig. 211, 
though its entrance into the cerebellum is not shown in the figure. It passes 
into the pontui tegmentum far forward, and, in the region of exit of the 
IVochlcaris, tum» dorsally. embracing, within the Velum anticum. the an- 
terior peduncle which leaves the cerebellum at this point, and then tuma 
backward into the cerebellum (.\uerbaeh, Mott). 

3. Only recently hag it hf>en demontitmted by Monakow, and also hy 
Kcrrier and 'I'lirner. that still » third sipinal eonncoliou exists. There are 
thick fibers fTx>m a large nucleus of multipolar cells, which lie« just where 
the posterior pviluiicic enters the cerehellum. The nucleus is called, from 
its discoverer, DtiUr's nueteus. If it is destroyed, the descending tiben 
vhicb «riise from it degenerate as far down aa the region of the lateral 
tracts (ih<»wD iu Fi^. Vl I ). 

(b) The Tr. eerebeUo-oliTarea represent anuther constituent of the cor- 
pus restiforme. Their flbcrs become, in later stage« of development, medol- 
iatod like ihe other fibers of the posterior peduncle. Tliey degenerate com- 
pletely when the lieniisphervs are removed. The whole bundle passes from 
the cerebellum to the oblongata, enter« this, and passea trans VL-rwly acroes H, 
dividing into numerous direr):ing fa^ciclee, finally linding a terminus in th« 
oppinilv Wira inferior (»L-e Fig. %1U. 

Til« mtiranlis ot th» entMlutn mxi lo lb« vfatrldr— «ib ubiuI. tn tbe boonduy 
ol Ulk nrntrol Mvltic*— rornx b Uikk Mt-work. In tti« vrhlt« «ulMUiit« It Is devsl. 
Ofnl »I Imm m •troa^y m la tbv ncdullary «abiUliM {pnMTmlljr; but in tli« cons 
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granulou it U corajtletel/ lacking in heuHhj* ixnoo«. In [jataljrtica. tiowuver. Wei- 
gert, on «-liOM ftUtfaurit}- ttiew «UleuivnU ont atait, fuuiid a very niarktd «xutwr- 
uncc of the glin. h'tvia the region of the cells of l*iirlunje to Ihe innerniott layer of 
the zona muleeularic Jl« uoall (lender pIvsuMd, wbll« vriUiiu the ihoIl'cuIiit lay« 
itmlf there Bje found reUllvdjr »pariugly thick Sbera, <irlilch extt-od |icr|Aftidi<'ulail)' 
to Ihi' Nurdii'p: thu lVrgDut.nn-Deit«r llltm. The tuifac? of th» noinul ivtrlH-l!um 
lack« th« ftupcräcial glin-net usiialiy i>r<«ent on the «urlA«« of the Mitnil iivrvoua 
syalcin. Ilul in ull cmtiiyoa^-cven in Don -mammal« une Hnds, as outeriaott ]»yrT 
it Uie oercbBÜum, one ur more ttnla of sphnoldA] cells itliieh nra later luit. 

Tlic outer aurrace of the cen-'belluni wbb described by Malai'nmc, Heil, 
aiid Burdutib as wu know il lo-<ky. Tlic Invu-tigatinii of its inuer stnicturo 
was accomplished by 1-'. Arnold, llcil, Kollikcr, ilcvnort, and cepecüUy by 
B. Stillinjf. More reeom invcetigations on the constitinion of iho peduncles 
were made by Bechterew, ilarcbi, Minghazzini, F«rrk>r and I'uruerj and 
bjr Pellizzi. On the cortex of the cereboUum ibore is a Toluminoiis litera- 
ture to xvhicli especially PurkJiije. Geriacb. ICoUiker, F. E. Schnitze. Ober- 
eteiner, and Bevor fumisUed toulribuiious. But uuly through ihe aludie» of 
Oolgi, Kamön y Cajal, Kolliker, and Gebuehtcu does odl* abtuin an exact 
tmder»tandiD£ of Hit- structure. Here, ai in m mimy other [)Uom, the im- 
protemcnt of the technique made poMiblo on adrtncc where tbr- mmt dili- 
gent eimplc obg«rTRtion8 voiild have revealed little. 

Diseases of the cerebellar peduncles alone are veiy eeldoiu observed. 
Thus, little is known of the ».'k'niptoms wliich are to be expected in the case uf 
auch a disease. Gradual destniction of one brachiiiiii pontis may apparently 
give rise to no aymptoms. In diseases which produce an irritation — for 
«xample, hemorrhages and tumors — forced movements frequently occur, 
suoh as rolling from aide to fdde. A farced poHitioc of the trunk or of tha 
head aloni-, with or without nystagmus, has been nljst^rved in irritafing 
diseases of one of the arms of the pon«. 

For the determinalinn of the symptoms cimditioin-d upon Uimiiscs of 
the irtTEbellum we are guided prtmjirily by the <]uilc fn.t|ucul liiraon«, and 
secondarily by the not infrec^uent obeccfiäcs which acconi[iany purulent 
infi&mmations of the ear. lIcmorThagc, softening, «rtcriotrcloroai«, and 
other pathological pruceesei? ottur in the cerebellum; biit the^ü di«eii)^ei> arc 
either very infrequent and usually jiot confined to the cerebelliim, or ihoy 
lead — as is tht» (-«sc o! bumonhage« — so ijuickly to death that no time 
b offered for the develuiunent of a speciul cumbinatlon of cerebellar »yrop* 
tome. In the case of tuiiiora. and, in a somewhat less degree, in absecflses 
of the brnin. thvre exiet^ Hinply thu dilVirnlty Ihnt we arc not jttstilted in 
altributinfT ull f>{ the »yraptom« which appear directly to the lesion of that 
part of the brain involved in the tumor. Beeides the so-callod local phe- 
nomena, the tumor nearly always indnees two other groups of s^iuptoms: 
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first ihoae which arc due to tliv effect of the tumor upon the noighboring- 
tissuo: and, second, those whieh nre dnc to «cncral brain -prM^nro. We must 
sharply dilTerentinto thwe three group«: (I) local Hjmptom*, (2) "neighbor- 
hocMl-tivniptoDiii," and (3) general «jrmptoms. Hccansc of the narrownew 
of the room beneath the tentorium cereMli, the last two groiipt ire often 
specially emphaüizetl. 

As s>'iaploin« induced through affeetion of the cerebellum itself — t.«., 
Iwfll symptom.» — wu should enumerate the following: 1. The ao-called «rf- 
Mlar ataxia, which ie almost without doubt a direct focal symptoni of the 
rermis only, and especially of its posterior half. A lumor could cause the 
tame symptoms if it be loL'ated in a hemisphuri'. It is iiowihle for the 
ataxia to l>i>. in part, conditioned upon a weakness of the truuk-miisculatare. 
t. Attack« of dizzincs», — of n-al vtrti^, — which are bf especial iinportanoe 
when appcariniT as an earlr symptom. 3. Posfiiblj a kind of Inmor which 
ia midway butwet-n iiloxia ami ''intentional Iremor," and a similar disturb- 
aoce of speech: ihe&c symptoms may, however, b« simply due to the effect of 
u tumor upon no ij,'h boring tisnue ("neiyliborhood-eyinplonis"). The eere- 
betlum does Dot appear to have direct relation» to the motor function* in a 
higher eenw. further, ita diee»!.«^' doe« not cauee specific' psychic diotnrb» 
auce«. 

In dismsr» of the ccn-bellum "neighborh«od-»ymploms" occur eape- 
cially tbrooeh afTirtion of the pone, tho medulUi, and the coriH^m iiuad- 
Hgcmina 

In the niedullo oblongata and in the pon« the extramedullorr roots or 
the modutlary subelancv itaolf may be alTccled; later both arc afTi>cli.-d to- 
gether. Ks]>ecially important enuptoni^ here are ahemntinE hemiplegia and 
poesihly liemianeetheeia, afTectiug the facialis und abdiiceos on the side of 
the.tumor, the extrcinitiea on the opposite side, or disnirbance of vieion on 
thf »idc of the tumor. The eitrcmities. however, may be afferlcd upon the 
«id« of the tumor »r upon the »ppu^ite side, depending upon whether th« 
tnmor exert« its influence abore the decuiwation of the pyramid or b«low it. 
T)i>> »udden dt,>»th wbieli \i. common in m>rebellar dtseasea is probably a 
"neighborhood-pyniptom" on the part of the mediill« nblongata. Thf first 
symptom manifested by the eitramedullary nervR» i« frcquenlly neuralgia 
of the trigeminus. 

Neighborhood -symptoms on the part of the corpora qufldrigejnina are- 
biUtenl ophthalmoplegiaf which affect moetly the outer branches of th« 
uculo-niotDriu» and the trochltaris, learing the internal reell nnd the tbdu- 
een» fr»-*'. Thew itymptomi are very common with oerebellar tumors. 

Pmmineni symptom« on the part of the cerebellar peduncle« with 
tnmorr of tlir ei'n4irlliiin pmjier nro ^r«; they are dcwribtnl «hove. 

The general fjmptom» are the samt as thn«p with othrr brain-tumor« 
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They are characterized only through especial intensity. Among the symp- 
toms are: Choked disk, which frequently leads to blindness; headache, 
especially in the back part of the head and frequently accompanied by stiff 
neck; obstinate emesis; convulsions, usually tonic and with opisthotonos. 

When the symptoms are pronounced the diagnosis is usually easy. 
The "neighborhood-symptoms" are, through .heir significance, of great 
importance. In order to establish the diagnosis of cerebellar disease the 
local symptoms must naturally precede the "neighborhood-symptoms." 
The last alone not infrequently permit b diagnosis of the side of the cere- 
bellum diseased. 

Diseases of the corpora quadrigemina may give rise to the same phe- 
nomena as those caused by diseases of the cerebellum. Here ataxia occurs 
only after ophthalmoplegia — the reverse of the case with affections of the 
cerebellum. An ataxia due to affections of the cerebrum may be quite like 
the cerebellar ataxia; here the other symptoms indicate disease of a cerebral 
hemisphere (Bruns). 



CHAPTER XXI. 

Tue Perjpheral-Nebve Boots, thb Spinal Ganglia, and the 

Spinal Cobd. 

The peripheral nerves, as is veil known, contain both motor and sen- 
Bory fibers. Near to the epinal cord these separate from each other. The 
motor division enters the cord directly as the anterior root. The seiuory 
fibers enter the spinal ganglion. 

In the Epyial ganglia there are large cells, which sometimes give off 
two processes, but usually only one. If there is but one, it divides soon after 




Him. Wi'itl, 

'jenl.Thril.. 

Fig. 213.— Si-heiiic of the relationships bctun'n the apinul cord »nd th« 
nvn-c-ruota. Vurtlvir Wurzel, Anterior root. Ilinl. It'iimf, Posterior root Mot. 
Thril, Molor j<uTti<in. .ScfM. Thril. Soiwnrv jiurtion. dcmischter Nerv., Mixed 
nerv-e. 



K-avin;: the ccll-liiHly into two; so that, in the end, it amounts to practically 
two ('fll-|iro('cs!ii'!>. 

It will be renieinbcred that, according to the observations of His, the 
wnyiiiy nerves prow imt fnmi these cells as peripheral processes., but that 
thei-e et'lls uUd send ont' ])rtK"ss into the s}>inal cord, a l)undle of such proc- 
esses conrtitutinjr the poBtcrinr root. 

Since, according to actual count, the posterior roots contain approii- 
jnately the wune number of fibers in the adult iis the ncries just beyond the 
gan-rlia. it would .•^eem that there were pimply an interposition of a cell in the 
cours<> of everj' such fiber. 

(33*2) 
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It is an importiuit question, however, whetheT, in reality, all sensory 
nerres ariBe from ceils in the spinal ganglia. The eiperimcnt of Waller, 
eince oftentimes eucccÄfullj repeated, answers it completelj. 

Eveiy nerve-fibr«. Hpanitcd from ita (lourra, dcKcneraUo. tf one cut the Hhtn 
of a seaaor; nerve ftcrou, just peripheral to the B|iiiiiil ganglion, all it« fibvn Arr- 
gcnerat«, wUlft the ganglion itMlf aind Uic Üben Icnving it to form the coiT«*pontling 
Tool of the cord r«nuiiii fuirly nonnal. This ahoua thut a.11 tbe flbera h»ve be«n 
diviilod fr&m their colls. If tb« s«clion i» mad« of ths root clo«i) to the gnnglion, 
but few of til« flbur» in th« »«iBorj- nerve di«; the miijorily rebiiD their vitality. 
Thue llticrB must, therefore, spring (rom the cells of the gsJigUon. (or tiey remain 
in eonnpctJon vith them. Tho few fiber« of tho nerve vhicli have dtgen«rat«'(l muiit 
arise in the cord Itself, because scjisrated from it alone, and not frani the k^^v''""- 



M'»'^ I 



nSfiiitl^t' 
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■■<' 
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FIf. Hi. — Scheme of the fibers in a epinnl gsiiglion. llimtfrt WurxH, 
I*ost«ri(ir root. Sciu. Scrv., SeiiMry nerve. 

&i hct, examination of t3ie biodhI root furnishes the jiroof of Ulis. The root, being 
H^mli-il tiom lu gonglion. Is found to contain only a (ew living flhen. the ma- 
joiiiy l«i«i; deguaenited. The intact fiSer» murt sriw from wiU in Ihe «yjrd, a* 
Ihej- remain in ronncetion with »uch eells only; the detcenCTSted fiben inurt come 
from the gnnglion, becftUM th«f are dividxd only from it. (C/. the text on pages 
6 and T.) 

These experiments show that from the ganglion-cell procease« pus in 
two dircctionB, an3 that there are other processes from the cord which only 
pus through tlic ((aii^Iioii. Probably thore are still other fibers from pe- 
riphwdl (gj-mpathctic) coils whifh end in the cord {Fig. 33). Accordingly 
on« mny conadcr the relation« of the Benaor}* roots to the spinal ganglia 
much as reprejiented in Fig. 214. 
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JBetween the spinal gangliun and the epiual cord boUi the senaory and 
the mutor roow broak up iuio !)iiiiilli.>r fa^ic-uli, — "root-fibers/' — wliich enter 
the coitl ul l-uusIiIltuI ily vuriuuG lovi-ls, ihe scneor^- filicrs posteriorly, thi: 
motor onee aatcriorljr, each in a aontu-nhai lutvrully pluceil longitadinal 
ftulcu». The number of tlivsc faociruli j« not tho same for ilifForent roola, 
and varies also in dÜIcrcnt individuate. 

Kecont investigations ha%*e ehomi tliat for the cxtromitic« not cveiy 
Kpinnl root is in relation to a parlioular ponph^ral norvo. It is eetabUahod 
that in cvorv ncnt ^ti'^g Ic ^*^f t>f tl><-' oxtremitJcä, are contained a large 
niunber of fibers coming from difTc-rent spinal ro«t^ and it is very probablt 
that two mu^leä. functtonin^ UKualty co-ordinali'ly, are innervated from 
the same root, even whcii »upplied hy different uorvets. The appurtiunment 
of fibcm, which rondcn this possible, take» place partly io the plexuses (cer- 
vical, lumbar, etc.), and in pnrt in the trunk» of the larger nerves, which 
may themMlvM be regard^l n» a kind of ploxus. 

Only m hv vamm of diwau of tli« iiwiiiil ^uiglia *t* ntportwl. BmMm •<■ 
trtm« pnin, «n inttn««!*! Iicrim «oatcr in tlie i^xirno nt 1li# rMp«ctiv« MWa WM 
repMtmlly oberrr«»!. Ilivilulo^k-ol ubatrvmllous (GaMie) Indicate lliaL tuoidoUv and 
trofikie lnilii«Bm on Itic «kkn aiiil miuds an the provim-e uf »am* at tba crlU in 
Ifct tiNiiitl K» nullit. I'erlmfB. iu tkta caoMviion, tii« ayniiullioUc fllx^s, nliicb aur- 
round the crllii nbnndiLali.v, rnmc into ron«idrrmlian. It mail not be uvrrlooked, liuw- 
«v«r, that we Icdow of maTkcd cliangM owurrinff in the cpinnl f^nglM in txht* fVol- 
plan, \VolknN*rjf, nad wlhrr») whirh htn Uct-n iinBn-otn|>«n>cd br brrpc« or mnj- 
thing rnlu((Hl Iu it. 

Hie rootR enti-r the eord in luugiiudinat rovs. 

Wiere targe roota, corresponding to the extremities, enter the cord, 
the latter is grcolcr in »in> tlian clsi'whiTe. 'ITie inl-umesetniiu cervtc/iUt 
receive» and gives off the arm-nervi'«; the intumesrenliA tumbalis, the le^* 
nerres. The t^mnllvet portion of the cord L-mita tJiv intercostal nerves. Tb« 
lowest, conical portion of the cord i« called ewit« UrminaUs; from it aria«, 
in addition to th« nerves, n long, thin proec«, the filum ttrminatt. The 
auperior botindary is the beginning decussation of the pyramidal fibors (sea 
belov). 



In «tuniiuUiom «T imliraU th« important c|ut*lion ottat arim, hwin «hat 
laval of the «ord tTotrgt ihr [wrtioilnr wpinai root» »upplyin^ [uiralytnl muarlm or 
awntlwtic aran of Ifa« »l>in. It )■»» Im-n Mxinclit Iu nuhc tbi« «jui'stiun liy raperi- 
mral« HB antnuit«, Umn ubicli ■jutou; llsrlf mtild not aerv« Ih« purpoaa IwUer. 
With nun il (iM Im^«(i T«|<i»>lnll}' toughl I« drtivr- mat* lcnowt«dge on thi* pulnt 
from man of locatinti kaioiu of llip cord mmlUBiimt, liPinorrhacM, pli-.t. Fiiltnw- 
tng i> n tUI. illflidj modified. <akpn from n cum pi I a lion nf all «cyvMihl« nfwirU of 
raar« n|i to tl4M), made I»/ Starr. Probablr p»]>«nrBoe vtll dktal« riiaagc« htf« nod 
UMR. 



336 



ANATOMY OF THE CENTBAl NEBV0Ü8 SYSTEM. 



Localization op Function in the Diftbhent SEOHBNTfl 
OF THE Spinal Cobd. 



aKQMK.XTH. 



Muse Las. 



Kbplkxbs. 



hkin-sinhatioii. 



MandSilCer- St«mo-niiistoitl. 
vical. Tm^Kitw. 

Kraleni and nntk-mtis- 

clnt. 
Diaphracii). 



Inttpimtion hy Bntlden 
preraun- under the 
edge of the ribe. 



Neck and back ol head. 



4th CVrvioil. Diai>hraKi>>- Dilatation of the {nipiU Ne<-k, 

Supra- »tiiI infrn- spi- | on irritntion of the, Upper pert ot Shoulder. 

natu». ' ncfk (4 to 7eervU«l). Outer aide of anu. 

Deltoid . 
lUce)» and conicn-bni- ' > 

ehiaÜM. 
Supinator Ioiikui*. 



I 



6th CVniwd. 



Bth CiTviwil. 



7th Ceriicul. 



Hlh (Vrvii-iil. 



Int DoiNid. 



Hhitnibojd. 

Deltoid. 

1ti<-ep)t ntiil contco-bm- 

I'liialiH. 
Sn)>irutt<>r liintniH itu<l 

bn'vi». 
rcfloraliH ninjiir {elavic- 

nlar |Mirlion). 
SerniMiB iimfrnu». 
Khcrndxild. i 

linu-h'alin iinliciip. 
TcrcD minor. 

llici'I». 

Hrnehiiilitt iiiitieuH. 
I'eetorali» niiijor (elavie- 

nlar jHiriionl. 
SeTiidiM niaKuns. 
Trii'i'i». 
Kxti'nHi>nt iiF hand und 

hn«iT». 
rroiiiilon'. 

I^iii;i hiiitl of lri(i'|iH. 
, KxtPiiHorx of haiHl nml 

Fh'XiiiN iif the liund. 
rninalor" of thi' liiirnl. 
I'lt'dindiH niajiH' ittnlid 

]Hirtiiiii ). 
SnlMi^piitar. 
Ijiliwiniiifdnnii. 
IVnn major. 

Fii'xors of the hand und 

lintier«. 
Sniall liand-ninwh'N. 

Kxli-nsiir |iiilli<'i:t. 
Snial) hand -111 iiM-h-4. 
Hieiuir anil liy]H>thi-niir 
eiiiini'm-eH. 



Scapular reflex ( "> eer- ' 
viral tc 1 domid ). 

Tend on -ret! en IT« of the 
p<>TTeH[iondiii); niunele». 



I'oeterior inthc« of 
ithoulder and aim. 

Outer side of ann and 
f<>Tt.«rni. 



Iteflexes of the extensor 
lendoiiH of the ann < 
and torenmi. 

Wriitt tendon- reflexes ( 6 
to 8 cervical). 



Blow on lower cthI of 
mdiuH pnidueiiiK elos- 
iire i>f the niit,iTs. 

Pal mil r n'flex (7 eer- 
vieal to 1 dorxal i. 



Pupillary n'llex. 



Outer Bide of formtm. 
Dorfuni of hantl. 
Itiüiributinn of the im- 
dial ner^'e. 



Itadial territory of the 
liaiHl. 



Tcrritorj- of the me- 
dian. 



Ulnar territory. 
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Segmknts. 



MDBCt.KS. 



RBPI.EXBB. 



HKIN-SKNSATIOM. 



2d to lath 

Doraal. 



1st Liiiiibiir. 



2(1 Liiiiibar. 



3(1 Liiinbar. 



4th Litmbar. 



5tli Liniiliar. 



lät Aiul 2(1 

■Wacml. 



ai to .".th 

Kacrnl 



MnBcles of the back and 

abdomen. 
Erector Bpinie. 

Ilio-psoae. 
Sartorius. 
Abdominal. 

Iliopsoas. 
Sart-orius. 
Flexure of the knee 

(Kemak?). 
Qoadricepe fern oris. 

Quadriceps feniorie. 
Internal rotation of tbe 

femur. 
A(l(lacH>ra of tbigh. 

Abdiictoni of thiRh. 
Adduct^ra of thigh. 
Tibialis anticDS. j 

Flexors of the knee ' 

(FeiTJer?). 

External rotatore of the 
femur. | 

Flexon« of the kaee ^ 

(Ferrier?). | 

Flexor» of the foot, | 

Extensors of the toe«. . 
I'eronei. ' 

I 

Flexor» of the foot and 

toes, 
PeroTii'i. 
Small foot-niusdea. 

.Miisi'lcs of iteriiieiiui. 



Epigastric ( 4 to 7 dorsal ) i Skin of the breast, hack, 
Abdominal (7 t«ll dor-| abdomen, and apper 
sal). I glnt«al r^on, 

Cremaster (1 to 3 lam- Skin of extemai geui- 
bar). 1 talia. 

I Anterior partof scrotum. 

Patellar (2 to 4 Inm- Outer side of hip. 

bar). ! 



Ant«rior and internal 
sides of hip. 



I 



Gluteal reflex (4 to f> 
lumbar). 



Inner side of hip and 

leg to the ankle. 
Inner aide of foot. 



Plantar reflex. 



, Posterior side of hip, 
thi)(b, and outer side 
of foot. 



I'lwlerior side of tbi^h, 
' outer wide of leg and 
foot. 



Tendo-.Acbillis reflex, Skin of snerum, «nns, 
vesital and i-ectal, |>eriiieum, and neiiita- 

li». 



The course of the fibers in the spinal cord is but partially known. To 
understand it one must familiarize one's self with the cross-section of the 
cord. In such a section one finds first a peripheral white substance and a 
central H-shaped gray substance. 

The two halves of the spinal cord are divided by the anterior and pos- 
terior longitudinal fissures, and connected by a commissure of white sub- 
stance anteriorly, of gray matter posteriorly. The anterior broad portions 
of gray matter are called the anterior, or ventral, boms, and the posterior 
extension of gray matter, the posterior, or dorsal, horns. 

The proportions of the white to the gray substance at different levels of 
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the cord ure not the univ. Eejieciiill.v doP9 the grav matt«? prodoniituite 
from the upper inmhar region donmward. Fig. SIT give» croM-eectioiw of 
(lifTerent Icrels of the cord. Beeide the varying proportions of gray and 
white matter, one sees aleo that the lateral portioD of the veutral horn in the 
low«r cerrical and upper dorsal cord becomes morr nnd more prominent and 
ruinllv (Fig. 217, D, iiiid £>,) becomee diMiuct as the Utrral horn, or tnuiu« 
inUrtntdio-lateralis. In the lower dorsal cord it is lost again. In Fig. £16 
it is indicated bv o. 

In the entirt' üi-rvical iind upper dorsal cord, the gray matter between 
the tractns in termedio- lateralis and the ventral horn is not fiharply defined. 



V 



Km 



I / 



Wi 



/ 



N. 



\. 



Fl^. SIOl — llBtt-adinnutlc limisvcn« »«-lion of the s|i(iin) conl, o, Aate- 
rlw ftiMl b. pcMitsriar loo^ituiliiuil tluurv. c. .^nUrinr rolumti- A, Ijitml oolliailL 
«, Poetvrivr coluniti. t. Funktilu« rr»cili-* •>, FutiK'ulu* nuimliin. A, Aatatfur, 
«nd I, PoM>tr>or rraHii. h. Cmtritl t-nnal. I. Sulcus intrnnrdUli* pmtcrinr. », 
Anterior liocn. n, Poalrrior liufii. a, Tntrlu» in(«>rm«ti»liili-rutii. ;>, PrMi>«M» 
Tvtirulkrii. q. Anterior nliitr eominiMiin^- r, l^oaUrior fray rDmniiaau». a, 
CUrke's «aluwn. or m/iiiwHn rcjlcvrnrfa. \Mvet Erb.) 



bill prv»eiit$ n net-work of gray bands and flbers, which pashea out into the 
white euWiance. It is called proetinti reticiüari*. 

In the »«II« ttrwinalis the gray matter ie inclopcd in a tery thin layer 
of white fiber* (f^a in Tig. 217), 

The root-fihrnt of the motor nerve« paw the «pinnl jpinglia and enter 
the cord, [lenetrolinm it» white Hubrtanco to join the rentral homa. A11 of 
the as)»-eylinder8 contained in them join, as shown in Fig. Slfi, each with 




Fir. 217.— Si-ciiona of Uio cord tu illlTcn^nl levels. TIht IpHent «iii! IlKum 
indicat« the ^pinul aerves, the «xlts of which eorres|Hind to the rFcpcctivc lec- 
tktiM. (Quaiii.) 

would be ^inrd if in «-vcTy caae nrherc iti life Uiere ivaa irell-ilr fined gicripltenil Ion 
tiion should fntlow »Iter ilenth a careful ex» mi nation . RpcHnlly directs toward the 
lucitliuttion i»l altered ganglion rclls. llaice it »ill be ht'lpful to bcvonic uoquaintfd 
with thp rpll-üroiipD iii thp npiniil ktuit niutl^r. >thi(h. being runllrmnl hy mor- 
phology, t«|ir«unt, tor tho pr^wnt. all that is actually known. We ar« Indebted to 
Waldeyer for ft dasdflcntion of thcw cell«, Tci>rrM-nlcd in Fig. 219. The irolld* 
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fiat^ fcrniip« of thr ccrriml [Hini«!) und lliooc of the luinbnr cord, conuliiing 
eislty nunuTouK rrll«, af« Inn d«-ri>Ia|ic4l in Uie donal part of thr cord, rtirrrtpondins 
to its «mnlirr voluate «nd perhiipB Kho to Um difTcrrat functioiu oi tb« nerc«« 
ariMNg fniiii iU 

Moiie uf tti«ac gniup», cxcviiltng. ]i«rbapa. the poitcrior niedlnn gfoop, am Im 
fbllowpd nji^iniiuiuly tUri>u|;hi>ul (b* (-»til. ThiT« it n>ach to indiralp lltnt Ihb 
p^nip wrvni tu iiuivrvaii> tli« inimr'ln ttf tlir bofk. Ai tcra i« Uir (atlt^ mi (M|cr* 
ntt and 337, Lhp lirscliini iilfixu« nritn (mm Ifa» cervical cord. For It« vmrloua 
dements « ÜMniugh iiiK-Bii^'uiMu ul all the casM in uhicli low of fiuwUoo «nu 
pnMnt n* n iiinii]ilan) of «iilnnl dtaaaM iKajDwr, Colliiul poinU out Ih« trad«. 




Ftg. SI8. — fn*B tb* anterior bonier ot ■ tmaa-Mvlkn) of the aat«nar gra^^ 
lioni. Tninullan of a rell'|irafw Into the anterior rtwt. Cannin« prcfNintioii 
••/,. (Afl«r H»le.) 



Pton lilt* lulcmt gionp In itt nrnricnl cord cuinc tlic flcxur nerrea, from thm man 
umUmi group UiOM for the «xtcntars o( tli» 8>tii nml lliv hand. 

Ttiv riiol« of the trnaory n«rrt* phU-t, aIU-t pawing tliroiigh Uik «pmil 
ganglia, parüf direct id the poetmor hnm. parti; in the postorior white 
eolumiu. ilie c«lU of the fpinal ^nglion fomi the soiire« of the majority 
of thcec fihcn. It «-ill be remembered that, a« embryolojjj tearh«. the axia- 
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cylinders from tbe cells of theec ganglia extend peripherally in the seniory 
nerves, art! oontrally into the conl. 

1'he ceiilnü branclies form what vre call the {insterior roots. With th«ni 
pass other ßbeni, hovever, which do not ari»v fniin th<> celU in the spinal 
ganglion. 

A CUM obMTVtid by Lconflw& »bown liaw indr|icnddit of «uh other lire tlM 
doraal rooU *nd the «plniil cord In llio!r development. The ontlre elcmeotJiry cord 
wu miMiner in & monatcr, but tko biiiduI Kunglin ncrc prcsont> and fiom Uicu mxwc 
pCTijihcnil nerw», buidf» i-ntire buiKlli-tt of poMerior root«, nliicli, of course, eiuled 
(rec iu the vert^br«! caaal. 



'ITit' ganglion-ccllü of the dorsal horns are smaller than thnst; of the 
venlral homa. For the most part they hare a Kpindle-shapcd form. Their 
iuie-ovlin<leri divide cither won After quitting the cdl-body into a fine 
arborization likt ihot shown in Kig. 152, /j, or thoy enter farther into the 
»iibstaiiee of the cord. They never beeuinu pwipUeral nerve-fibe». 

Two groups are readily distinguished by the naked eye in the posterior 
horn*, from thvir funii and color. The gmup called columna ve$icu1aria, 
first ßtuiiitfd by SlilliiiK. «(ttirward monr pxatlly by Clnrkt-, ^tPnerally knonrn 
as Clarke's eohimu. lit's about where tbu ^cnirnl and dorsal liomH come to- 
gether (Fig. 2H>, s). Beside* lb»; («U», il «lutuiu« a fine net-work of ßber», 
and bundles of o*pecial]y delicate fibers ninniny longitudinally. On cro«- 
wction its roundci! fonn h distinct, and can be fn]lowo<l from about the 
end of the eervteal enlarciciiioni to the beginning of the lumbar enlarge- 
niiMit. Single cell», hu;vevi-r. in Hppeflranoc similar to ClarkvV ct-lls, arc met 
with higher up even :o iho medulla oblongnta. 

Still more sharply defined Ihiiii the .Stilting- Clarke column appear» the 
MAs/arifi'a 0atinosa Jiolaiidi, in the gray matter of the posterior horn. It 
lice near the point of the horn, and ii perforated by nnmeroua a(T«r«Dt fibers 
from the posterior root. I'ntil our staining-niffthod« were suflieiently de- 
veloped, the imponanrt* of this peculiar, glnj«-likr. translucent substance 
remained in doubt. Only in the last few years ha» it been discovered that it 
contains cells of similar character to those lying in the posterior horns. 



VTImI hecntn« of their txiacylindera wfined especiiilly difflcnlt to dctcrmtn« 
in a rt-tnoit w <J«iim;I)' flllrti niUi H\i»c}^It(idrr9 nnd «ollnlcral^. Itcc^^ntl.T, tiowrTcr, 
8. Itami'in y Cajal »bA jiarlioulorly «r. L«n)ioMi>k nerc able tu aboir tUnl tlii> u[fai> 
(rylindrrft nf the <|>in(tlf->li«[iH>il iiilla (niaqi^innl («IIb in Im);. 3lfl|, pHMiit]; uround tb« 
pt'riplicry of the Rutmndir •u(»»t«nr'c. »rritr nt tlic dor«nl porlinn of the Intern! col- 
atnn. and that those ot tiie nannw'er, stellate celli of 111« Rolsndtc aubctance iladf 
outer the ocigliboring [KJBlrrioi- toluiiin und tlio >o culled ninnpUBl zono of the post«- 
rler hont. Th» ]*lt«r e<*1U ])cMM>aH not only one. tint »ovrmi procOMa of tlie liis- 
talogicAl (^haraclfr of ku uu-ejlinder. 
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The whito miller, öurrounding ihe gnj, coiistsls |>riiiu pally of longi- 
tudinally (1ir(-«U-<] fiber». ti>^t>thc>r uitli tlit- ubli<|U(^>. HM-vnding fibers of the 
nerve-roots and t-ertain uliit-r tlber», wliicli \ttiis oui iit in»ri- ur tf« of a right 
«ngle from tbe gray inat(« to the whitu column«. Thv ntTve-fibpra haTo 
aaaxi^^-TliniloraJidaniediiUai^ aheatli. Tbe ibickni'» »rthiaebcath varitie 
grcatJy. Thoy do not-poesoB« u ahcatb of Schwunn. 

Tbl' axiu-cylindcr prf»u>nt8 a Hbnllatpil Bp}><>4iran»', whorovor examined. 
Piobalily it is mntle itji of niinKToua fihrilti, Hecent invwtigations have 
thov.'n llint the axis-ryliniU'rs of tlif iicrv^-nbors in tbt epinal cord, at their 
extremities, do not end a» a v-hole. but by a kind of splitting. With all 
the long nen-e-fllMTs in the white niaüer and also in the gray nutt«r, one 
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Fin. SI9.— (Aft« VValJvvrr, "Igthlljt mndlflnl.) 

SfClMIU UlTUUfll 

Interior portloB a( wr«!«! ealai^gcaiMiL 
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Lanibu- «nJargn»«!. 



Thf iliiUioii» air nud« «rcoTilliig tu Itae itrurturn tifonclit out by stain- 
ing Bit ndiilt rtitA Willi iTArinin*. (»hfiT ni»tl>n)l« obon t)i«t, at l«-Aat tit the 
frtal cord, in rrrtain tiifi'»>* tlim- ari' a irrr«! ntany tniirf iniuiidtiwl LtJIa 
Uian arp Iwrv irpn-wntnl. Hiutrrhoi-m. r<»tcrior hom y.rllru it Suti. Rot., 
VeÜ» of tbc »uImL Kofaiad«. Xcyimilr H. tnjrnzfllm, Mnr^innl vWi "t povL 
born. Vratmlr U.lutnat^Um, Ontral crlU ol ihhL hum. Himate B.hornztlltn, 
Uaul cvlU of poM. born- SHtHnjhOlartf Z<-JI., StilUng-CUrke'« ««lU. UllM- 
tttlrm. ajlddk n>IU, /.«it. hint. Orvppf. Latcnl poetcrinr gnvf. Lnlrrok rwA 
Or.. I.Al#nil NntMior irroup, Urtltalf hint, (jrtipjw. MMlina |MMtmii>r gnMt|u 
UtMaU t*rd. Grvppr, Urdiaa anltrinr grwty. Tor^erhont, Anterior hgrn. 



finds at certain point« titat a delicate fibril eeparalvs off al right anglas to 
the iisi», i<agBve loward tbe gray matter, and there, an has b«cn obserrcd, it 
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ends in a minute brush. The places from which pass off. these "collaterals" 
from the stem are usually marked by a slight enlargement. 

The spinal white matter is interwoven with numerous, radiating septa, 
made up of neuroglia, and in them run the blood-vessels, coming from the 
periphery of the cord. 

The nerve-flbers in the white matter are all surrounded by a loose net-work of 
Hiuronlia-fibers. In the gray matter it is found moat densely depoaited near the 




Fig. 220. — I..ongitudinnl section through the lateral column of a newborn 
]mp. On the left is shown, after an original preparation of Ramon y Cajal's, axis- 
cylinders sending collaterals into the gray matter, and otlicrs, coming from cells 
tliere situiited, dividing into an ascending nnd a descending branch. The cellular 
connections to the right are schematic. 



eentrul cnniil, in Ihc «iihstiiiitia ffiixra. After the Weigert stain, it appears to the 
mikcd eye as a dark-blue spot. 

Less dense than this, but thicker than in the while matter, is the neuroglia- 
mcsh of the ventral horns. It ix most s|iarse in the sub^tanlia gelatinosa Rolandi. 

The entire peri|>hery of the cord is rovered with a thin mantle of almost pure 
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■MUrogll*: the poriphml gcliitinoua Inyer (>'>«- 219. to the right). AI» on tb« poinl 
of the donal bams there is found «n eapedBlty-Uiivk develo|JU)eiit ur glla. Here 
th« Riin-iiif ]W8terior roou luffcr, ino«tl,v at tbs axpfiiM of th«ir inF<lullury iHmUi«, 
uut «ppcttr v«fjr cvmjMct, u if Lied tuEcUiCT, in k Mction. (Obnrstctner anil Redlich.) 
¥\g. B »pUioft Uic i>piUieliniii of tbi^ cratrti cbbkI in th^ fftus. In jfoutb, 
•Iw, tha «clU U» In r^gul^r ro»« on the \ayti ol ncnrt^in. The; Ihm; Uit^ir cili« 
probablf won after birlli, although during lite ther« remalna ft jieruliar lajvr of 
UUtll, evraty |>Umh1 n<xluli>« an llie central «d^e of thp c«Ilt. whirh, during th« 
feu] period, tn< found judt Kt tli« b&M-a of tb« ctlift. Witli increuing Mgt, tb« 
reiiitnacic of Ihp rplticli«! cell* leawn«. Th«)' be<vMtie sepArtted from «ftch other, 
MimgUaftbcn BpiMvir bctv«*« tbem, the; cv«n loMen front thfir b«M*, and li« in 
■ppsrent conftujou or in arnatl group« bctH«cn sdiI anuiug the dt-vdopiiiy iwutogUa- 
tiwiM. Aa H result, tliei« i» in the plu-e of the original central cnnal ■ mun of i-elln 
iMvtng either no lumen at kll or perbapa Mveral «nitll lumin« ia thv center of the 
cord. 

Tliis much his bcrii BBcertained by the examination of Bectionc of the 
adult cord. But in a knowleilge ni the minute siructnrc of tlie cord, mtich 
marc hoH been Ii>artic>tl. 

A» one sec» in the tros>-«ection of the cord, it is divided into column« 
by the spinal nerre-roots and b; tlie longitudinal fiMureg. Median to the 
roote lie the nntcnnr and poeterior column«; lateral to them, the lateral 
columns. 

The itudy of embrrolop-, as well as that of the effeols of interruption 
of the fillers, and Iho examination nf certain dUcosee of the spinal cord have 
taught that these nntcrior, [Kii;torior, and lateral ttoliimns are not homogcne- 
ou», eijuiralent bimdle» of fibers, as might appear on castial inspection of a 
croas-scction of a healthy, odiilt cord, but that tht-y am roinpusnl rather of 
•ercrnl dirisionB. 

It will be remfml»*Tpd that the tracln* corliro-spinnliK, the pyramid, 
pasM« from the oortoa of th« motor region down through the internal eap- 
nile and the pea cerebri to the ventral portion of the pon«. Where doee it 
pan in the medulla spinalis? It is not difßcolt to find. \Vlien anywhere in 
ita long oomae it is destroyed by a diseane-focus, it» fibers gradually dis- 
appear, being displeoed by connective tiasne. Tlii» defeneration, called 
»tf«ndary df^tntraHon. proceed» doirnvard into the cord. It takes place 
there in twn toeutions: «or in the median portion of the anterior coltimn of 
the same side a« the cerebral lesion, and the other in a large portion of the 
lateral column of the opposite aide. Higher up, at the beginning of the bulb, 
one WW that thi» emiwd trnet paue« over to the direct tj-nct, decussating 
with the sound Hbeni of the opposite «do. 

The tract, which itt 8(re<'ted by the degeneration, is railed in the cord, 
aa In the brain, the Irarius cirtifn-spinnlig, or the piiramidal /roci. In the 
cord it diTideii into the pyramid of the anterior column (median part of the 
column) and the pyramid of the lateral column (in ite poeterior halO- Th«e 
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L of this cetejtory nro in this territory. So it happens, in c«ae of Ie«on of the 

B Uteral column of the cord, thai « larger area degenerates dowDTird than 

H Bcrords with the spread of the pyramid» in the medulla oblongata. Prom 

■ this ctrrninfitance has arieen the conimon error of supposing tliat the pyra- 

H mids receive fiber» from the cord it^lf. 

H At birth all the tracts of the cord, in man. have received their mcdnl- 

W lary eheaths. Only the tracius eortwaspinales form exceptions. With the 
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i)«wlii>m, therefore, in a cross-section of ihe curd the pyramidAl Inicin appear 
griT luioDg the white fibera aurrouiicling. 

Witk the lower animab, cvrraponding (o the more mmgrr cxprntMon of lli« 

ivtebral curlcx. tbe pyrumtditl Iom-U arc rvl«- 
i\vt\y «RiallfT than in dmb. £t«ii hvn Ibagr 
coQl«in ]iratNili1,v viil.v libm for Utom miUKlci, 
wklob iMinci^ially ar« umhI Ii)^ Uie co-ofientlon 
of 111« cortex, — li«inc«, iu suc-h iictioBs «■ »r« 
driitfmie niid «iiiDire«!. At buj- ml«, »fttr 
tlio >»pttniti(in »f tliow of UiHr fitwn whieli 
■uiiply tlio u|i|>rr oxtrcmilin llirv are nu- 
leiiiilly rMu<^<-d in >iM, rcnuiu n|iiiroxliiiiitrty 
)s|iiiil I li riitigltout lh(r d<»r«al iv>ixt, iin<I nttcr 
loxiriK thv flbrr> (ul tlif tum-r rKlrrinitira lliry 
HI« Ml reduced in volume ihnt they lire prnp' 
tivally ualiling in the loner luiiitiiiT iitrtl. 
t:xKniinkli(>ii» nf tbcM- tturl» iii ntuiunb ttut 
make i^ttKr um of Üi« hand» — apm, bunoir- 
«ra— und in thoac tliat uae th« hlnd-«xin:iiitU«* 
Um more— a* manuf iiianupial»— were dnirablo. 
lint they «uuld liuvo tu Im- Laaed on niihryo- 
I'^j^k-ul ar dc]i:«iMTutive data, m vnly in ■ucli_ 
wtae ««n the ityramhiul tnieta W dtlTe 
tbtnl. 

The examinatioD of eecoixlarilj ile- 
gcneratiMl spiual conld cnublce lu lo know 
etill mon- of the couibiimtioiu of the 
vhitc- ci:>himii8. In u conl that haa been 
fl<«lrnyo<l in thedonuil rcjnoii by pressare 
or »ümo other l4?»<ion one Unda, aa thi^ 
foregoing Kfiüs »nu to i*xpect, below the 
place of teeion the corrpeponding P7">- 
inid de^'c» era teil. Itiit ther« appiUK ftlao 
a degeneration in the other direction. 
It incltidtw, near the le&ion, the entire 
ari'ii itf thi' jioslorior columns: hut, a few 
M-gnfiitK higher, is eontinifl to the cne- 
dtan portion of ihttse columnx, that part 
next the median liwurr. In stich KC- 
lioD» wc can rAi^ilv ilistiDiEuish, iu the 
poeterior colnmn». an external and an 
intt-riiul Imi-I. Thai which dt^acrafces 

_--__. . .,„ , Mownrd in theje columna (ae far M 

rratlM arter Wioo III iha Irli the tneduHa oWongnte) u Gbera coni- 
~m«bnil kiinl*|<liore. (Ah«r Erb.) inj; from the diireal root«, and cut 
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off from their ganglion-celle in the spinal ganglia. If one experimentally 
divides these rnots nost to tho cord, one prodiiccB exacllv the eamtj area of 
di'gc-uurutiou. Just uhove the yiince of division both the external and the 
internal posterior coluaiiiü are degenerated; but farther up, where new, 
hi-althy riM)t-fib<'rs h»vp ent('rr<l, ihe Inttcr lie pxtpnml to those dfgFiierated, 
oud, as one ascends, these aitectcd fibers approach ever nearer tlic median 
line. 

Wiat we have jiiat learned by an examination of the degenerated pot- 
teiioT columne is reinforced \>y studying the development of the medullary 
sheaths. It teaches, loo. that there are at least two nber-eysteius there: one 
«xtemal, uaually known ax the prime bundle of the posterior columns; also 
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Pig, m. — ^TraoM-prw wcllon tlirouf;li Iho M-rtical rorj a( a newbum cltlM. 
Tho pvraniiitii] ti-acl*, niiiiu» iiiiilutlut).il HiivTi. appnnr iniH^lumit and clnr. 
Tlie diri'cl pvniiiiii.UI try«t csIi-ikIm feir ovrr inti' llic nnlnn-lntorfll t^iluinn. 
Wiirzfl-Zonr. JEiml nitii', KU-inhimtfilfiinOMuöltnhn. I.iitcml i*rebi'IlHr InrL 
OrvaTiifltU'ltt, ItiiuiKlary It^cr or zoiw. Sritmutrtiijf. I^lortii coliimn. Vtinter- 
sli-anff. Antcrh«- roluian. OrutnIbSndrt. (lioaudliiiDilk. 



ih^' fxinimlu/i riinfolv*. or ro/wmn of fiurdarh; nnd one internal, 
'^ImI rhe fimiriilus ;/rari]is, or rohtmn of doll. In the normal cord of the 
adult llien» two sydtfma are separated from each other by a connect! ve-t issue 
septum only in (hf cervical pürtio«. while tu the lower iwctions they can only 
then fac distinK^uishcd when one or the other is discmw-d, when they differ 
in color. The coltunas of Gnll inerciue in volume from heloir upward, aa far 
as the lower dorsal cord, because thoy conduct portion« of the contimioualy- 
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enti>ring poelerior roote from the BciiHnr}- nerves of the logi 1o tbs medulla 
oblongata. 

Later it ynl\ be seen that etill otlicr MitntivUionit must t« mad« io the 
posterior cotumiu. 

The manner of propngation of discaees in thpm, pariiriilnrly tin? reeulta 
of iubmittinj? fr«eh li*ioni of the cord to the ilorclii prow'se of staining, 
which places the iin^le d«gen«r«ted medullar}- sbe'atlu under the action of 
a R]M>oinI ri-agont, has lirgrlr add»! tn nur knowlodge of Ihes« tracts 

That portion which cloaelj adjoins the graj commissTjre (Ä in Fig. 228) 
masi contain » separate syatera of fiber«, becaoae, in (ahee for example, it 



^ 



Fig. 224.— fiMVMlBry (WgnwrathMM. uraDdlnB and dcaceniUng, after n Lramverw 
Imhm «( tlie ui>t>«r dwnnl curd. {\Ht StrQupcIL) 



lEv^f piiirtici[wlL-)> in tlie discaM*, vwn when the remainder of the poetcrior 
colummi degenerates. It may U.> ti'nnrd the ventral fii-ld of tbc posterifir 
coluinna. 

The posterior columns consist almost exclosively of fibers entering by 
way of thi' posterior routs. Thi-se ruuu are M arranged that the enterisf 
fibe» tie always laterally, do«« up to the posterior home, bnt that those 
entf-ring inter, therefore higher in Iho cord, shore the more early arrived 
flbor« toward (bo median line. So it Iiappeiis thai in the cervical part of 
the enrd the fibers fmm the lowrr «tremitie» occupy principally QoU'a 
column, while the column of Burdnch Ftill contains many fibcn from the 
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upper extrcmitiee. It must not be suepected that ihe portions of the pos- 
terior columns immed contaiti all the fibers of a posterior root. Many übers, 
immediatcjj' uflcr entering the cord, gain the gmy matter, while others 
bend in their course, to pass throu^rh the posterior columns. Therefore 
there lie in the upper sections of the canl relatively few of thoKo fibers in 
the posterior columiiit which mteri^d lover tlown. Kx peri men tallj' this has 
been proved by follon-ing up the cord from a divided dorsal root, when the 
degenerating portion of th« cord grows smaller and smaller as one OACcnds. 
At the same time the degenerated field approaches more nearly the median 
line. 

In the highest part of the cord the funiculus cunmtits contains flbera 
which do not come direct from the dorsal roots. Tlieir origin is uncertaJn. 

A part of the posterior-root fibers extends tn the Tidnity of Clarke's 
column of cells and there arborizes (Fig. S87). From this column of cells 
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Fig. 228. 



Svction through Uib Mrvinl and lumhitr oord, with npproximatoljr^drkurti 
Voundarlas of tlit^ difftircnt <liri-iion* of l)i<! whito iiiBtU-r. AmuiKed from cm- 
bryologlMi) principlrf, uiainly Irnni iig^paralJona "ich lecoiidary d«>geDera- 
tion of ono at more o( th« tmrlt. l<i, OoMf'd pjrronttdnl tiaet. 1, Dirc«t py- 
rnmiHal tract. 2, Aiitero^UK-ral icrciitml hiitidle. 3. Ti-aciuA ce rebel lo-spinalU 
rentralls. 4, Thtctiu «frcbdloapituiJIa (IotmIIb. B, Ijitorul maTgin«) zone. 6, 
Postcro lalenl. or BunUoh'i, column. 7. Ptntcromcdiaa, or Üoll's, ealumn. 
8, Rflilicutnr tmw. 9. VMitrtU Held of Iha patlrrior column. 




ariM-fi another trnci of flbors. Afler section of the oord this tract degenerate» 
upwanl. It Vi the pcriphoral porliun of (he lateral column (4 in Fig. 225), 
This tract may be followed to its entrance in the vermis of the oerebellnm, 
uid is called the trattv* certbtUo-fitiuah'^ ihrfulis. Wc arc particularly in- 
debted to embryolo^rical rcecArch (Flechsig) for our knowledge of tJii», the 
direct cereb«Ihr trarf. and for our ahility to distinguish it from the other 
lateral tracts. In the first few veeks post-partum, vhen the pyramidal tract 



330 



^XATOVT OF TITB CEXTBAL XEBfaOS STSTBH. 



still Iflpk» iU incditllan.- «ticoth,. the direct oiTpbplliir tract form» & doticntc- 
wliitf Ixirdi^r iloDg the pcriphcrr of a large part of Uie lA(»riil roliimn 
<Fig. W3). 

Later inveetigatiuiLfl {Loewi'Dtlial, Mutt) have diown that the ventral 
portion of the lateral cerelx'llnr trnct. which Oonerü, from pathological find- 
ings, had ulreudy dUtiii;;uiB!ifd m the aulero-lulcral IracL, doea not ariae 
from CUrke'a cells, but from othi-i- c«lU bi the gray matter. This troftus 
errthtUo-apinalis venlralis course« along with tho corrocprtnding dorsal tract 
dp tn the ttiilti, but is separated from it there, and, extending farther for- 
ward, entere the vennie superior of the eerobollam with the petliincie« {rid* 
page 328). 

I'p to this point then, from the study of accondary degenerations and 
vuihryulogy w« hare learned to recognise in the white matter tli« following 
divipioiiii (!>yi«tcins of libers, so-called): lu the anterior coltuana the direct 
p^Tnmidai tract; iu the lateral coluinus, the croc«ed pyramidal and direct 
cerebellar tnctü; ia the posterior columns, the trad« of Burdach and Golt 

In Kigs. 22A and 22fi are representpd nU nt the whitP tracts mentinnwl. 
The trael, marked 2, reaching from tlu- anterior column around to the lateral 
column, has not been described. This area, pierced by the ventral roota, is 
known n» the anUrinr radieular zann. That portion of it lying vithin the 
anterior column is also called the antfrior >fround-bundle. The portion lying 
n-ithiu the latenü column is correspoudiogly further known as the anlfr»- 
ialeral irn,rc(i iont. 

Further divistonEi in this region i;hoiiId doubtleos In* made; but as yet 
the recordeil cases nf scoondary degcnerHtitui do not cnahl« on« to define them 
wactly. They would b<> von- de*iniliU>. finec it ts to the anterior enlnian 
that »nc can trace the fasrimlu» longiittdinalU pemterior, and it was into 
the ant ero- lateral mixed zone in the cat that Boyce followe*! that tract from 
the "deep gray" of th«- optic lol»« (ant. corp quad.), which corn-sponde 1o 
the lateral longitudinal bundle in the lower vertebratee. In this region also 
are to be found the prolongationx of the large fibers from Deiler's nucleua 
in the (lervbellum, shown in tho diagram. Fig. 211. after Ferrier and Turner, 

y\tfft of th<' fibcn in the nnlero-lateral column, whieh do not belong 
to the ventral root«, arise in the gray matter; here arc found, beaidcs, in all 
probability, the central continuations of the wnsory pathi*. Thi* rejjion 5 
(lotrrat mnnjinal tan«) contains fibore coming direct from the posti-rior roots, 
which, after croe^infi through the dorsal horn, aeccnd in this region (Cf. 
Tig. «la, right). 





What lecom« of Ihoie fibers aftw tlieir «ntrance through the spmnl 
nervL'-roola iuto the cord? How much farther hav* they been traced? Il i« 
not tlic form or shape of the particular part of the central nerrou» system, 
but rather the n.-lntioui«hip bctwoeii the ditTeTvnt parts, and the cnmniiinira- 
tion butn't'cn fibt-r nod liber, cell and cell, that miiBt be the buie of iu- 
Tc«tigationE. 

The anterior root-fibvre maj be traced backward and slightly upward, 
»£ th^'y pass through the aiilenor radicular zone. Each «iugle root seemA 
spri'ud out over a large Mluut of tliü cord. Arrived at the border of the 
gi&y matter, the com]i()itent fibers n^parate. A« to what occurn to them 
further, there arc iiinny üml viiried opinioiis. The foliowring statement, 
based lar^'ely on peieonal iuvLstij^itifiii, includei' the most important nf these. 

Aod first it la to be accepted m settled that certain fibers of the anterior 
TWt Brrive at the Tentral Iiom-colU, or rothcr form their a.iis-cylidti«r proc- 
«8806 (bm Fig. 218). Some of them psse over to cells in the opposite anterior 
lioru, by way of the anterior conimifsnro. 

Oti pathologic grounds, it has long Ijoen recognized that, to the cell- 
center* of the motor-nerves, fiber» pass from the cerebral cortex through 
the cortico-spinal tracts. It is not difliciilt to onderstand that numerous 
fibril« from the arca of the anterior iiyramidnl tract (direct pyramidal tract), 
crowing over through the anterior enminiswure. enter the opposite anterior 
horn. Most of (he«e fihriU »re collnternU from the fibero proper of this 
pyramidal tract. In the nnterior horn they divide up into fine tufts, which 
arborize around the canglion-eells. Only in the recent past has the assump- 
tion of a connection between these cell» and the lateral or crossed pyramidal 
tracls been proved. Here «gain it is mainly a matter of collaterals which 
are j;iven off from the«- tmele and enter directly the Tenlral horn of the same 
side, and there form a line arbortzation. 

'I"he pyramidn! tractÄ. therefore, are the epeondary motor trncta. 
Through the close eonlael of their ■xifi-eylindere they enter into relationship 
with the cell« of origin of the primary motor tract. Tn Fig. 7 this is 
schematic« II V repn>e«nted. 

(351) 
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(■ Um adtdt cord tb«ae nluttou «tb not (Uwoycnble. One nuit nok« vm of 
«kibiTcaüc twrd», in v,hiicb Uw pytmniJdAl Ahtn are ai yH non-tOMlullnt«!, tkut aUla 
with ■liver «(let Uulgi's rapid ninUtod, nnd |i»piBr«> lurisitudiiuil niul diaipMul mo- 
tJoAA. In uwb M«Uoiw one Ria; nfl«n tncv Die c«tlatoraU, jtivcn off «t ri([tit aM|;lM 
ttota tbe in-nunidal ßhcn Mod L-iiUiring ihcnny nia.im \rt. Fig. £±Ti. Tlicae braoclm 
inuat later be mcduUaUHl: tor, in ouea uf d«|[CDerat(an ut the |i«niinid>, one ftndn 
iurariaU]' the coTTenpondins ventral korii |Morct in uicdulUltd Hbcra tluui iwnaalljr 
<Faratnary. Tba aarn« tintnci>r« kIiow vrry dii>lini-T.1y, nh«n one auocwdw ia Mainiac 
tbefB <'itk umium during their degoaonitton (t'is. 2i2S, eec. 2). 

Many difficulties oppose tbenuelves to die etsdy of Üie reUtloDS of the 
poKtcrior n«rve-roots. Their Oben all, or ucnrly all, diviile, immediately 
after «oUiring Lhu cord, into an asceudiug and a dt-ACvuding brauch. From 
th<ffe ariu numcrouä coilatiTals that pau partly to the gray matter, partly 
into Uw posterior whimns (vidt Mg. 327). 

The fate of ungle division« of the root« ü vet}' varied; their relatioiia 
are extremely complicalcd, $o far kt, is now known. In view of this, it vill be 
well to refer fretjiiently to Fig. "it"! while considering what fotlowa. Thii 
figure represents whnt is actually known. It implies that which conconw 
the multittidc of fiber», and not an; aiugle eection. Its purpose ia merely 
to elucidate the text. 

In a cross-section of the spinal cord one recognizee that the posterior 
roots, at their entrance, are definnblp into at least five itarts. The most 
mediun handles <1), mainly consisting of large fibers, nearly all <^nter the 
posterior columns irnmeiliately {ptattnor roat-zont). Here, as ve have 
learned, they turn upward toward the brain. The [»hanior of Ihwc root», 
upon secondary- degeneration following Iheir spction, teaches that those 
bundles whicli enter directly into the dorsal cohimn are afterward pushed 
toward th« median line by those entering at a higher level, eo that the 
caudal root-fibers occupy above a po«iiiuD near tit« middle line, in OdU's 
column, and Burdoch's column is largely made up of uich liberB just enter- 
ing and ascending diagonally (Fig. 28). We hare alto Ivamed that, while 
running thus diagonally, there are fibrils continually being given oil, which 
enter the gray matter. 

Immediately after entering the cord, before the (Ibor turn» eephalad, a 
brunch is given otT which tame caudad. Its eour«« i« now better known, 
mnc<> examination« of fre«h secondary degenoratiotu were made by the 
Uarchi method (SchalTer, Lowenthal. nnd olhers). 

In general, the tnMiea of secondary degeneration on examination by 
thb method appear so much more ooniplicalpd tlian as represented in the 
preceding chapter that it will be wt^ll to examine the accompanying Agares 
from rases described by Ilnche (Fig. 338). 

Th« pUoe of oani|««Mian liea in tti« ncion of the acventh 4otw1 vprtrbn. Tba 
dcKvnenllon at that |wliit (3), as tndint«d by th» mmluni-hlarkonm) pdnU. U 
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irregularly sjmltcd. Bphind, tunnnl Ihn lutnlmr rpgion, the pjrnmidB 8e[inrat« into 
tli«ir BuU-riur and liiLeial tiuct«. In the luLler thvru dciccuernlc «lao ninuj buaillM 
of gTcniLT <jt less leaglli. nliich belong to Lbe aasaciallon-^jHteiiit coDiicctlug dilfercnt 
lerelB of the cord. Liaunlly the ahorter tb*n lis nearer the grnv luivttrr, whiU the 
longer uace «re further away. Natuinlly these nsaoviutiuu-trauu iirv ili:i;<^uL-Tut)!d 
Ri<Mt at nil nt point« imni<'diiit<'ly nhow nnd Ixrlow 1h« pliuv of cnniprMsioti t 
farther Awny In cither direction on« And« only ft (ew, and ttio*t ar« the lt>ngc»t. 
In tlic praterior colunms just tntcrnl to Goll'i column there pou (lonaivanl (or • 
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Fig. 227.- Schema of orow- taction ö( spinnt cord, in whirh the contnU coutmp 
of Bome inipurUnt biindlc« in indicated. C<inipiirr with It Uie nan-Mihenutic F&c. 
S2^. right Tlie axls-pylliidDrs rrain Uie iirntral born-cella to the posterior root 
are ontilled. Trni-ts of thi^ Amt order ■linwii liy dark linM, thoao of Ihe xvoiid 
order, by dotted lines. For IranntatJoii ol (j<>ruiBii Lerraa aee evplannlioa aocoiu- 
ponying Fig. 32.T. 




dUtanee the dM<*iiding flhcr« from tho«e rfKit-Hiindlfw uhii^h nr» atTerted by th« 
eoniprcfluia». They fctriii a commn-iihajK-d Irarl,— Schiiltzr'n rninmn, — which lies in 
Kent olwayi tlie hiiim position, ncmnling to the particular. Interrupted root. This 
tmct, whoee relationship to the doreal roots t« still disputed, was traced by Hoelie a 
dialanee of more than eight vcrtebrwi before It diaappeared fn the gray matter. 

Still another small deposit of flhers, lying on the dorsal side of lbe posterior 
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columiu, bclongi to the tracU ol dM««Bdin^ <li<f^n4>mlinii. In tlu> lumbar cord it 
tiinu In toward the nii>di>n itc|>lltiii. Hnd IIm rioM to it, as (^ "oval UM" iFlccbtijti. 
It ran ht tr«M-d into Ute cviiub tvrniinalS«. And, »liilr il* Irmiinatioa U v-pU 
knonn, its heginning is not. it liaiini; ti«cB tnu»A upward anl>- ta tb» c«rvieal re^rlMi- 
For tliit jirrKHt it urill be wdl to dvrignat« this Ion« tract vi very thick fiber* a« the 
ilormt ctrtin Itimbar tract. 



Main lis rfnio^l«. 



m 






Ci:«2£II^i. 



;■ I 'i ■* 



■^J: 



Mnlulln liimlall». 

ng. 2SH. — Campraaaioa of ikt cord at th« tor«! of Uir w^t-nlh don«1 nrrvot. 
AMmdliqt dixrnrraliun to thf l«(l, dcaccDdinc in tlio xntiuiM on tJi« rijtliU Th* 
producta ol dt^iwralloD Htain«! bliu'lt «>ntli {»«rmiiiIo arid; Marchl's method. 
(Aftor Hoch«.) . 



A )«com1 portiuti (2, V^g. 327) of the posterior root-flbpra dot^ not turn 
into tfic colnmof, bat penctrntm the vhit« mutter h^- ciirvc». to }<me it*e\i 
In Clarke's column, whurc its IiIhts »irlioriw nnmnd the cell« nf Ihnt colunin. 
Somft of the fibers (li) ps£fi directly acrotiei the posterior horn, ventral to 
the iubftantia ifrlitino» Kolanfli, aot] theo coune firlhcr in the marginal 
lono of the lateral column. Tbt^ are well ahovn in Fig. 233. 




THE COUBSB OF THC riBKHS IS TUE SPINAL CORD. 3&Ö 

The portions of the dorsa] rooU just dvocrihed lie to the median side 
of thi^ pnint of the pontmnr horn. TiBteral to it (-t) lie »mall 1)1111411% of 
coBFM fibers, which may he traced through the substantia geldtinn«!, and tho 
rest of the hom anterior to it. up to the large cells of the anterior horn, 
iipoiitid uhioh they arhiirizc. This tniet is ubuuIIv regarded as the shortest 
refle.v path (I'ig. 33). 

More laterally still (5) are rooi-fibtr» which enter the gray itiatter after 
a lonpT iir shorter courw;. These fiber» »put. ju»t on entering fhv periphery 
oi the gray matter, or soon aft-tirward im« aii a^^eending and a desrending 
branch. Many «f them, CB|K'cially largo- liberiil, crnee through the sub- 
Ptontia geiatino» Kolandi before splitting, From these two di%-ifiioiis there 
pose out Diimerini« c-olluteral« in the gray matter, c^peoially of the posterior 
horn, vhere they )>iiljdividc into i^m&ll, thin ttift». around Ifae eells there 
found. 'Ilie more delicate fibers divide generally at the periphery of the 
posterior horn. So there arm-s, belweeu the point, or extremity, of the pos- 
terior horn and the periphery of the cord, a field which ji* fdled with the» 
ascending and descending thin fibriU {zona manjitmU»; i. tcnninalÜ!). 
Ftom this «one pa^ continually Gdc tlbrjl« into a uct-work lying hetwei-n it 
and tho gelatinous Biibirtance, — zona spongiosa, — and from this net-work 
arise again other fine Jibrr*. which pat* through the «Hhnfantia gelatinosa, 
and reaeh the libroii« tangle of the posterior hom. Prohnlily they then enter 
into similar relationship to the cells there, as (he coarse fibers, jiisl described. 

It muat, kaw»v»F, not be ov^tIöaIc«)!, th«t much of «'hflt. hit* jitet in^fn »1at«d 
l^gBnlin); til«' fliirnun lrnH;> of ihr jmntrriur «piniit rnot* tin* not. uritti i-rttninly, Iwvtt 
asoerLnlned To be tvae In man. As far as Ihey have beoo >tuuglil, though. ourreiiioDil- 
tiik' nmtngmncnU hnrc burn found, m io thoM maiamat« Uint hare b««ii thoroughly 
«saaiiiwd. 

So far^ tJierefore. ean the scneorj' tracts be followed into the conl: Aa 
the moet important of them are establiehod, flret, those entering the posterior 
colmnna and aÄcendin:» in them toward tlie brain; eeeond, those eudiiip in 
Clarke's vesicular eohimn; third, those — comprising the greattr raas* of the 
lateral root-fibers — which, after a greater or less coiirsie, arboriüe around 
cells of the anterior and postt-rior horn*. Besides these (here are fibeni 
known which («aw into the lateral mixed zone, some coming from the an- 
terior hom, some going lo it. 

.\s t<i those fibers which arrive at the postcrinr linm.« «mi the gray 
ntattvr just in front of these, it has bocn, in all probability, determined how 
they enter into relationship with higher centem. From the gaoglion-cclls 
around which the root-ftbenfi arborize nrines n *ee«>iid set of fibers. The axis- 
cjrliuden of these cells tum forward aud inwanl to the anterior comniissure, 
cro« orer in it to the anterior or lateral column of the opposite side, in which 
they ascend farther. What poitinn of the antcro-Iateral coUmin ia really to 
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Im r^ard«d u eciuory ü doulitful. To me tt sAcros most probable tliat thu 
«engcirj- tibcr» »re Iiore eprtad out over the entire crose-scL-tioa of tliis colamn. 
Still, much td in iavor of the vicv that the aaierior radicular 2uue cooUios 
many of these secondary t«n»OTy fibers. 

Wo hnvt- learued of two kiiidti, then, of extension of the ptwteriiir pkiI- 
fibcT«: one direct in the pusleriur columnti, anil anotlier tudirecl, which 
only by cunncc'ttDf; with a secondary decussating tract takes a cercbnil 
direction. Wc will eee later thai the uncrosaed fibers encounter higher up 
in tlic medulla cells there located, and then cross oTer; o» that the whülc 
tract Hoally dcviugatee. 

It «ere Bcarcely possihie to draw the»« concluaions regarding the po»> 
tenor rool-ßbere were it not true that iu tlio lover verlebrates, in the »pinal 
cord, the relations are very simple,— one might «Ten say schematic. After 
it bud bei>n dcmonstraled with them that the mnjonty of their {MMtterior 
root-fibers ran into a central gray deponil of fibers and cells, and from thcro 
new tract«, after croasing, extended on toward the brain, it was but ■ step to 
look fur cori-Cf ponding conditiooe vith man and mammals, l^e disooreiy 
by IIam<.'>n y Cajal that the posterior root-Gbere split up around the oellfl of 
the spinal gray matter, and that from these cells there cam« out a tract 
which iTosse«) over in the anterior commissure, gave to the suppoeitioD soroe* 
thing uf definitcncM. 

With ll>M iww achi^rMMCitl uf liiiuwl<<i]p> cuincide voll iIh' rwulU of DXpert- 
nivnliil nnil rhaiml pnllialuiciF'. If, tor IimUibc«, m «plnal roril vim rut Uirough Ita 
iaursl IimK. itn(!4-tiir>«Lh tlw point <>r wotian 1h* taetila wtum would W lost, — not 
im til« r«n-rM|M)ii<liiii^ Mt, bat vii tbc oppoint« onr. Thb tUtum rrfüld iKit !■« 
nHronrilfil uiiii wliul utoa kituwn ut Uw aoued extauiona of tli» iMwlcncir n>o(> 
fl|j«r« ill the {Hictcrtoi n<)iitiiii». II v»; \t0v9var, MOD elMrod up, when vm IwunMl 
Uiat ■ coosiilcratilD purtinn tit ouch a ruit. «oon after iu mtntan; into the oar4, 
was «mlitincd by a tttoa-lAty tmot over tit 111« crtb«r «11». 

Oik- iiiuhL oot *upppw that all thr imtxitir* rradiiofc the spinal raH by lb* 
•vnaarj- rooU are idratinl uilli what la onltnarlly Icrwnl "seuaation." In »rd«r 
tlint an imprcaainn lio [<4>rc(>iv«d, it is not aalBci«nt that it be «mdurtird to tlui 
apLnal eord. but It tnusl br brili» <-uiriFd tip, fruni Ihc plant where thr iwripbenil 
■Btk MUh^ to tbc Fftobral mrlvA. Tb«ri> I*, hovpver, no doabl at all that th«ac 
kigbsr mnnrcl iuti* wrp f«w la niii»)H't. aitil that, ««ntniiitpd with llin niultllud« of 
flbfia In tho )io*lrrioT rant». Ihn niiinbet iif tmrh cvnlnil t'liiuMTUniia ii ijoit« «nuiU, 
Thb alMM nakr* ihe «vMiplHiUNi |MiMiilil«> thnt Ihrrn atr, indHd. nwnj- MWtory jni' 
pnauona wUdi arrin at Ihv apiiml t-iinl. bill Ibal uc arc aunr« nt bnl f<-K of tliam 
a1 the UiD«. All Ibo TtM-vnt ul tbr botly. ns tlie «llvrr slalninK-inrtbod bu* iliiunotly 
abmrn. am IravrrM*! by nn altogolbt-r uiMxp»tMl]y lar^ numh^r af aorvr«, itnd 
tlMir arraBKeinnit and munw. th«r rrlatitms la UuDd-vnarta ami irtundB, and to 
muacUflbvT«, bnnM. nnd rnnntrl. lauhp it mm* than probable tlut I here ia. In thia 
omukicUkii. a LtrKf ■t-»(rin ivlikh »«r^iW MM-lilially to reipiUl« inipn-Mjonp and reflex 
artin» iKsnrr). Tlib> i> then uvp^loukf^l in aiulydn]; the mulla ul MnrtioB u( cer* 
tain mluHiD* I'nllt lal'ly '-nly (he v<t}' martmit i|iuiliiini at u>nmtinn have be#n 
^mtrd. And pven now. «rben w lEnaw w iitiioh b^livr tbaii farnwrlj' the anatonüe 
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rriitlBM t>( Die »plnal-conl 1rfl(.-u, the iilienomena r«\'Da1e(l hy iihyiiitiloKio ez- 
porimmtfl luv tu lx> very ciirpfully intt'rpivtod: but, nn tli« other hand, it swiiih to 
me dcsirklilc tliat new exnminntionti of ifpiiial cord »ccti<ni*, whctlicr p«rliul «r tot«l, 
be uiuil» in man. bontu«», with tlw luurr onimol«, tlicn- U rvuilioii only U> (li^ poa»Mt 
l<inil i>r imprvmi»!!«, wlikli <l« iu>t ainuunl t<> »rluitl ]>uin. It it )>ii«itiv<-ly Icnovni, 
»o Imi, ihnl tlic iMMleriar (.'Dliinifi* ilo not [-omlui'T Uiomt inipt^ft^ion* nliirh in tho 
carles iiri- n<<-ng7iiM!il ■« tiirtil«-, nnd it it r|tiitr |intliiil>li' Ihiil Llii-si' mt' furUii'f eon- 
diictiit l}y tiic [iiirliDti Milcrilijc itita llic itmy mut-Ii-T, witii'li tlirrr simjii i.<L-DII<M'td tvlltt 
iU fitwandnr}' exipution. Wiüi tlipse flbcr« tniiHt iiIh» Iw found Hip iTiiirnl ]iiiUmi 
eonv4^yillf[' impulMv of t«iii]>«r*ture und )ir«iure «ciiauliuntt. 

In llio piMivrtor colmiins run. piYaumably, ira<-is vhldi. piirtly tJirough ttidr 
oneMlHT 0011111*1 ionn nnd |iurtly Ihrotigh iIipIt iviol)i-al coiifiMlioiiii «ith Oie •<>• 
ntlled vorlicsl motor cL-otcn, i» tome luouncr iaflueiiL-c th« ncnioiy rPHulatioti of 
luoveiiieuts and luuwle-tuu«. 

There remains still to he conBidered ihat part of the poBlerior root 
whose fiber» arborize arouud the cells of Clnrlcc'a cohimii. It has pwWbly 
nothing; to i]» witli tin- i-onilui'tiuu uf tactik- in)jiri.-i>»i<t[i^ ui-rordiiig to jwith- 
olagieal data. TIu- s«oiidiirv tract, or |iiul(iiij^liuii upwunl fmni (,'lurkc'a 
column, (loos not join with the gcuvrnl ^'n^n path«, l-'roiu thc«c colU arise 
fiber« Ti-hiph loBvt iho jiray nialtcr Intornlly. nii<l on the [»C'njihfrY of the 
gray multor enter the din-ct cerebellar Irael. With it tlu-y pnfes u|i to tho 
cerobelhim. Theeo fibers are doubtlees important /or the co-ordination, of 
movenieiilt^. For not only iu cerebellar diüi-une are gait und »lation ineo- 
ordinaleil, but abo in tabe» donuilii^, in nhteh one tiicfCs witli ataxia of the 
bighcat degive, ore these fibera of the posterior column and the columna 
vcsiciilfiri« ditj^^tieratcd, rexidting in a» interriiptiou In Ihn pith« leading 
to the perebellnm. 

Th« anatomical ivlatiom, then, which arc nfTccted by the cntrnnco of 
the posterior nerv-e-rool* into the tord, aiv niiieh more compiicatcd Ihnn arp 
those of the antorior roots. We have atrrady «.-eu this to a degree. Prob- 
ably there exist still other, a» yet unknown, systems of fibers. 

Tlie relations of luauy «f the cells of the ventral and dorsal honifi to the 
root-fibers we httvo alniÄ<ly learned, 'nier« nrtr, in the firny miitlrr. atill 
many ccUe, which do not, however, stand in direct rclulioD to the root-fib«ni. 
First, thrre arc colls whow nxis-cylinders do not pass over into & long^itudinal 
bundle or into a root-fiiier. but hxih nflcr iheir source form extremely fim* 
nrborizntions. They arc scon c^'erywhere on the erwss-seetton. but are espe- 
cially noteworthy in the border-region of the dnniail liom. Then there have 
been recognized multipolar, scattered celld. which give olT one axis-cylinder 
in the corresponding or the uppiwitc anlero-latcrnl tract (Fig». SIO «nd 237). 
There it splif« into an ascending and a descending branch (Fig. 2?0). Th« 
branches from these "tract-celle" extend a short distance in the aotcro- 
lateral columns, then give off collaterals, which again enter the gray matter 
and tiiere arborize around other cells. These colls unite by their proceaeea 
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loreU of thp cnrd, whivh Ue cephdai) i>r t-nudiii) rmni them; hence tliey are 
adapted tu terxf m a sulMtratum for the long-acc(r|>tt!(1 jiHtlu tlut connect 
togetlitr liifTcn-nt Il-vl-Is. 

Tri any irriUUuti i-ontitiK to th» I'rird tnun ih» [ieripli4-r>- thnv arr «Btnd % 
\»tfr number of cvnductionintbp. Tbcra i». fii«t ol all, > number at povtcriot r«gt- 
filler« nhieli extend ilin-i-ily liiiu th« anl'rl»r horn anil artioiiee nrouml )u cvllt. 
TbMo urt> well uilnpteil in "I«a4" *urli (vU* with imprpMii^ni., nr *ft«r auflii irtilly high 
Irrilatlitn to iwll forth iiiimi-ili«l<' dM>-liMr],i' o( molar rrflram. Rut, ihrauith <«1U 
urigituilU in rrUlifHi uiili nich «Ihttr. nnti thrau)ili olli«-r« thnt »rv m hh k iMolt of 
««iM-li«!.' fuiK'tion. thr »ivtor <vlt firvup* iir<- ftinHioniilly nHvcialctl in «uvJi ■ ■un- 
ncr tbftt It viogl* Ihi|>t«mi)uii Ih tiflrrt nufHcienl to liriug an iiitirr pTOiifi uf cella to 
iitrliuTfgo at thi' KMBMi tinii-. Kn rrllcx«« miiy mniiiirt n( ninplr mUM-iilar lunvnnaiita 
awl ako of ivty (-<im|>liatli-il »rliunih Itmiilf« thr dc^nilrilLit iht "Invt-rrlW wltli 
Uwtr [iroopfMii« furtii tlit* aiiulMmii* lin«!« ut Ihrw awwrislionn. It in iiul ditHmlt to 
accept ttip Hüitruicut tliitt nn imjitil«!, arriving ul the Kt>inHl o«id, spreada iii tbia 
way througli lliew i-rll* ««it >liir<-r*iil lovcfa. ami mi uiiiU-* in exi-itin; inntor cell» 
of tfa* brnM varimi |imiüoiM In. «imiiJlaiK-uu* iii'liuii. iKuitv anil otbnra.t 

All Lliiac \\\fTii nnil tril-proww« form «n fxtniordindrily cMniplical«! 
niMh-vork in the gny iimltcr of tho cord. lit« iinnivvlini: hat hwn icoom- 
plühed onlv l>y the ii*«- of all th*- nu-thod? ever con<'oiT<*<I. In idc adult 
rord. colored aftor the Wcigorl method, tfaU U impoAuhl«. 

All niH'ni rriis.'iiti^' fmm one ^dc to the nthor oeciipy cither the anterior 
or the posterior comiuiwiirr. 

AlUtiti^ 111* compaiiMiL rUfitonta of thttt rOttMlmUTm havr MlrMdy 1>wii mra- 
tlantsl, cat-li in it» |)la(«, «Uli It will be ««-ll to consMtr tllMli ngaiu more topoinai>hl«- 
all;. 

In tlH> anterior romwilMtire, 1h«n, ve (lad iFlp. SS7|: — 

I, llrloii|iiiiti III (he aiitrriur ttMtn: flhm (rutit itIU to tJin njipoaile root; ool- 
lati-TsI* at Ibr dln-rt pyramidal trmrt; nurorrim* drndrilic proc«<MM fron tiftigh- 
liorttiir v«ntral Iiihu^-HI«. 

£. 6«i(<niMlar}- M.tioar>- fmtht fnta tbow cell*, urouuil «liic-h arhorii« Hbers tmm 
lb«! |iiMl«rii>r BirrT«-rMla. 

3. From tb» "traci-MtU": nwmnxnu axia-cjrlind«- iinxT«^» to tb« oppoaita 
aiilrrior and Ul*nil raluutu. 

4. Ci>ni»MTttnK llhvn front lb* 1at«cal r«liitnn of aim »iil* to thr- antrtior rottUUB 
of tha otlior, 

Thi« intM, fnund by SchafTrr in vtrtebnit«« of (tifli-irnt rlii*">r>, is, ni-rarding to 
him, nuula up of iHttteriur loutfflH-rt, wbich llrvt cnti-f lliv Ulrral <vluuin, and higher 
Up cTTiM otfT iiiUi ÜIV (>i>|BMt« autvrior ruluiim. It Inia two dpi n« nitrated, «Iro. In 
anlmala ibat haw ni> niaHlullary )>\Taiioilal filMm mpÜlM); then^tort K auinot ba 
an anvaaory pymtnidal tmrt: a »iiiipuNtliun nkkh uthrrwlap inigbl M«in in». 

or the (»opterior commisfniro we know much Io«w. Of ■ certainty it «n- 
taino RiFdt)llati>d tiWr». nml iheoe eiirvly arise fmm the po«tennr roota xaH 
from trartB tnt» which the posterior root-fibers have entered. 
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In the Mu^ nf dilTrtrtit mnnimAls didercnt cll*|in«itioiijt o( ItboTn linve hrrn. 
taaad tn llii» cumiuimiunv, uvrvfJing tji thp diiia nf unlniul psHtniiit'd. In t)io ilug, 
for eKciupl*, llii«! iliviftioas uf Lliet»« cumiuiMUnil Üben c«n be dbtinKUMltcd; in the 
cow only two. mtil m forth. 

Aa fur as the iinDt«mli! rdntioiu of the comtvonent tmrt« of the «jiiiuil cord 
■rould Ik drtrmiinrd maiTiMcnpicnlly, nurdnch, Si>ininerin|{. ani] J. Arnold nmdered 
imjiMTlitnt nn-tiiT. Bpliingpri ua« liif firnt t« r»r<igtiir,P tlii- mtiiipction l>«twp*ii th« 
griiy HMttct- of 111"-' vmlrnl hurna und Uie nnl^rior niTvc-rootn: UroiTiKf^r, thut be- 
tweni tlip dorknl liorri« nod tht! po4leiior iirrve-Tuols. Tlie minute »tiui'luiv of the 
pord wa» brsl «.•»■«ilt'd l>y B, Klillin^, IuIjt KHIIikcr. iinU. IJi-itcf«, (lerlncli, Clmrkc^ 
aod others have added to uur knouled)^ ut it. To Uie Uliuia ol I'Urck, Flecbslgt 
ChNncot, Btid U(iu«rw wb ura indebted f»r tli« iiuijor part of onr ideas of titt dia- 
pMltian of the Übcra of Lltu uhiii> inatlcr. Witliin mar« re«<-iit tiinM, howeT«r, 
through Ific udvaiiemt mtulp by IHii. (Jol^^. and S. Rnni&n y Cujal (collateralB, arbor- 
iHitiitii nf axU -pyliiitliTfc. plc-.J, llirougli Ihn ri-H-iin-lii^ i>f Killlikfr. Vim ili'liui'iitcii, 
and Li'iiLvmwk, uf nlivtii uieutiou Ems ulrc«dy brvu luudi,- in tlii: iiilrudui-tun' cfiii[tt«r, 
a very ini|rorlHTil fiiiin liii« bwn nuide in uiir knowlrdjrc of the Mpinal cord, llc*tdea 
Iheiii, Sln;;»r xnti MiliiKpr, I^"i\M-nlliiil. .Molt, rmd otlirr« have oleored up tavch Lliat 
WM not iiiidtTstuiHl. aiid w(> ari! iiidebl«d lo Wald«yer for a criticml revision of 
acciiuiuliiti-d düLo, luifutlm' with muny nrw nubji-cin. 
■ 

One Diiglit carry the etudy of the mopt important fibcr-8)'8tem8 in the 

cord much farlhcr, going into many inlcreäting details. But we have already 
found so many place-? where iint'ertainly prevails that, adhering strictly to 
the limils, beyond whioh on*? liruU only ii complex nf delnilü and contra- 
dictory opinions of author», we need hardly pursue it farther. 

In the introduction to his grent work on the gtmctun? of the spinal 
cord. Stilling says: ''Wc must not forget, following in the train of the noble 
Biirdach, that in the esaminaiion of the spinal cord we are exploring a 
wonderland, which we kuow lery little about; and we may only gaze at the 
rivers and mountaiDA, to get a clear general underdtanding of the whole, 
leaving to our euccesMTs to explore «Terr brook and to eeek out every 
height." 

ThirtT-wx yearn have panfed Rince. witli thesp prefatory word«, one of 
the most valufthle books appesred with which the nnatomir deparlnient of 
science line been enriched, and to-d«y we are still far from the goal; it will 
be long still before that field-map will he completed, of which Iturdach and 
Stilling dreamed. 

fn the cord ther» U? In eloae praximttjr to etidi oUier. phy«i«Iogimlly wideljr 
difTcri-ntintFd fibor»; th* t«lU, whicli niAy b* rtrfttirdtti a* f«ntml otll«, are thickly 
»utioundnl liy |MTi|>bi-ml iiindudinn paltu». U 1» eirar frniu tbi« that it U very 
dilTifiilt 111 Iparti tliv niiull* »ml tii iiitiihli>>li th» xyiiiplotna vliicb ajijimr ujion dl«- 
coH' vr iMlotl of uuy vf tlu-sv coni^ou«iil part» of tbc v^tri. 

Stltl, clow obsrrA-ntioiiB nt tliv aick-brd and ut aulnptir» hav*^ taught much 
In Ihia (■onniy-tloii. A number of ipinni i>ord din>aM« nffMt inrariably «ortain por- 
tion» of the tiird. ultvaya certain tracta or particular groups ol ganglion -cfDs, and 
Imvr the otlier tracia of the eroaa-MvtUui inlat-l, forpver ur for n long time. The 
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DhMrmtlon of aucli Umom wUl b« of primo im|>ortAnM for fhe qiiMtioa confrnnting 
OS. We ako difcovcr much «a th« mull ot wouutls, «K-tioii» unil cunipraniuni oi Urn 
cord, a« oft«u arUw tnini cNrir* of the rvftctlmr, and tutnors. 

>luch )m* »iTprttrp Umn pAtholcf; ja the «xaDiiDittion of ftaiinaU. Compai«4 
wiUi paLbfflofpc prucccM« occurting in tlie fliic mechauiaui tliey BlTect, the nectv 
my experimentsl atUrnpU mn exceedingly cuotmi Bud Iniiiglin^. 

Wp cnnnot, of coiirw, in this work give even a short risumi of the 
Ttluable finds for which wo are indebted to mimeroiiB researcliee made in the 
patholog_v of the Bpinol cord. There are maiiv excelleot works in this line. 

OoIy a few csiMKially important auj well-etftJiMished points should be 
here mcniion«<I. 

Diseaeu of the posterior columns causes HitTerent s>'mptoms according 
to its location in thton. Destruction of the entering; posterior root« must 
interrupt the entire eensory apparatus thev contaiu, eatailing the loss not 
only of evCTT qnalitv of getufttion, but aUo of the refloiee, which, indeed, 
are possible through the seuturv paths. The», also, the tendon-reflexes 
disappear. Tliose degeiieratioti« of the poKterinr coluinnit which do not affect 
the entering ncrTe-roots, or do to but partially, run their «ourses vithout 
special disturbance of cutaneous scudihility, although the mu«cu!ar eense 
srenu invariahlv tu suUer. The mulor jhiwit i« in nowisi: affected by discaa« 
of these column». 

If Ih« gray matter of the ventral horns be doflroyed hy a (]iBons4>-proo«u 
there ensues, as in tbo ease of destruction of ponplieral nerves, paralysis of 
the miificles which derive their iierve^upply fmm the rcspectivo level of ths 
cord. To this paral^-Bis is quickly added alrophy of the paralyzed muftde». 
In this respect does it nl»o resemhli: ]K-riph<.-rul [«nilysis: vis., that the par- 
liculor muscles react lu the electric current exactly as if the supplying uvrvc 
were severed. Since thr nerve and its cnrtHirKaii in the muiclc are bat proc- 
eeae» of the coll, it is not difficult to understand thi$ relation. 

From the last-described fymptom-complcx one will always! be able to 
diagnose an afft-clion of Ihn lower segment of the motor path. 

Entirely different signs appear if there bo an interruption in the upper 
Mgmont of thn motor path, the tractus cortico-spinalis. 

If Uie pyramidal tract» are diseased, voluutory movements «re dift- 
turlied or lost. In addition, the purolysed muecicä, or thos« which mar be 
only shghtly weakened, sliow a pemuincnt increase in tension, tend toward 
contractures, and are much more irrilahle to mwhanical stimuli than nor- 
mally. Always, in llu' pn:-eenrt' of ibos* gjmptoinü alone, or when met with 
Id conjunction with other symptom -com pi exe*., one can, with entire eei^ 
tabity, accept the fact of a participation of the pyramidal tracts in the 
diseaae. N'ot «eldom has imilaieral interruption to the pyramidal fibers been 
followed by hilalcral paresis ami incroaac of moacular tension. 

There occur diseases of the priman (lower) and secondary <Dpper) 
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motor tracts in combination. Of these the best observed is the amyotrophic 
lateral sclerosis. Here the clinical signs — paresis, spasms, muscular atrophy 
— corrt'spond to the anatomic condition: disease of the pyramidal tracts 
and of the ventral hom-cells. 

These relations are readily understood by a glance at the preceding 
schematic representation (Fig. 239). A lesion, located in the line xae {i.e., 
in the fibers it represents), produces paralysis. If it interrupt this line above 



HimtiMii, 





Pig. 229.— Schema of innervation of a muBcle. Hirnrindr, Brain -cortex. Vorder- 
hnnizrlJc, Cell of ant. horn. Vorderumrzrl , Anterior root. 



the ganglion-cdl, as at t or a, it assumes the character of a central paralysis, 
witlinut atrophy, and eventuates often in improvement or cure, probably 
through the substitution of other paths for those represented by x a. If, 
hoHovcr, tho line .t a e be broken at the ganglion-cell or anywhere in c, then 
there follows not only paralysis, but also wasting of the paralyzed nerves, and 
atropliy of their corresponding muscles. As a consequence, the outlook 
toward recovery in the paralyzed members is very slight. At times after a 
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long-continuing leeion of x a, there ensues gradual participation of the part 
c. But tliis occurs seldom. Interruption of the path a leads to descending 
degeneration from the point of lesion to the level of the respective ventral 
horn. 

As an example of paralysis and iiiusculnr atrophy, occurring with 
di8eai>e of the ventral horns, may be mentioned "infantile spinal paralyBiB." . 
In this affection complete paralvt-is of singk musole-groups occurs suddenly, 
and there follows very quickly wasting of the muticular tissue. Examina- 
tion of thf spinal cord reveals then disease-foci in the gray matter of the 
ventral horns. The neni's also, as well as the anterior nerve-roots, atrophy 
gradually. 

We do not yet possess sufficiently exact evidence to be able to Bay what 
8}'ni]>toms arise from disease of the gray matter of the dorsal horns. But 
from the analysis of cases of tabes diirüalis, in which thoy were spared, and 
of those in which llicy were affected, we may conclude that lesions involving 
them lead probably tu disturbances of cutaneous sensibility, and particularly 
to tro])hic changes in the skin. In Syringom velia and with tumors located 
within the gray matter among other disturbances appear those of tempera- 
tiirc and pnin-fciise. 



CHAPTER XXITt. 
The UKVVU.A Oblongata. 

At the u|)|n.T cikI of the ««pitial coril ttic- white JiUrn> of which it Ik made 
up aro (lifipoBt'd in vdriou« wujs, Iht.- i;xlcnl iiiul furiii of the ^iiniv matter 
change« considerably, new dcpo«itg oi ucurogha and of ^angUon-celle appear, 
and the »'eU-kiiown jiicture <>f the opüÄS-scdion «f thp »pinni cord rapidly 
«ÜBappean); especially is it indietinct vhvn. ut the uppt-r üejjineQt «r the conl, 
right aud left, there where llie lateral Irucls were, tlie iufiM-ior «dive ariH»,— 
8 gray, much folded, richly cellular layer, — and wlien the central canal, 
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FSg. äSÖ.— JtW-iluii tlitdiiKli till- iijipi'y irrvi™! lurJ. Iliulcrhurti, Fcstcrlor 
hflni. Prur. rrtivuliiria, J^Hsnl•i>lti<m-li<■l■l. SeUfn/uim, l^ti-nil lioni. Mail. imr. 
X. ccrr. I, Aat. root vl I ccnicHl nerve 




approaching more and more nearly to the dori^l etirface, expaudg into the 
fourth ventricle. 

Tile a(>ri«a of tranBverve »«(rtioaH hert^ preaented ia intended to explain 
the evolution of the ni(Klitlta nhlnn^atit mit of the spinal i^>rd. 

Fig. 230 rt'pn-srnts a «vlior of the rcrviral r<»rd. corrc«i>ondinK la that 
part from whi<:h pHstiea the first cenical nerve. It but recalls the rclutiom 
as already d«scr)lied in the preceding chapter. Three points, however, dif- 
tin^iah it. The first is the ]ieculiar form oi the posterior hora^ which is 

(3ß3) 
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oonnpct«d onl^- by n thin "n«ck" vilti its dorsal extivuiil^, here greeUj 
thickened by flubetantia gelatinora, toTming tlic "head of the dorsal hom." 

Thniuirli Hii' (ulnlanlia RpIminuiMi |>nu tiuimtnii« flne flhnl«. ivhich ara p«rtlj 
(XMtCTior root'HhcTs. Anotlt^r jM^rtion o( Ihtm (^inc« (töbi a ([ri-otcr dlitAnee, naraely 
trata th* QaMtriui gmiigliuii. Tbe cdl» of ibis );aiietiun t'tiiU ifcTiiilicnllj- ihe nm-M« 
IriVtnilint», riiiI (»ntnilly Uw Iri^niunl niol. A gmrt nf llmw latti>r Dtwra turn 
dowitwftH, anil Truni ttifni jnim conttnuoualT Hne BliriU to the end Durkua of lb* 
tiigonlnti«: n raliititn at gelnliuoiia •iibttatMv. wlikh u drmomtrthlc from the pams 
dowR to the lUbvUDti« gotalinoflH of th« ti|i|>cT (vn-icnl cunl. Tli» rrM«eiilie trmas- 
W9t MCtion of tlic UutUB «pJiiAli* ot til« Ihh oervt 11« In the cerrlcnl oonl In vka» 
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fig. 231— CtniH-uviiim uf llir i>ttloti|{MU ibtoiiKh thv jtyraadiUl deesMM- 
tlon. Fpt. rrnitiiiiLiI imrL C|M. Anlprior born. fit', ftnnnant at M ftw lu r 
rolnttm. Sg, Nu^lf'Ui (»nkuU gndli». jr, SoMuntl« geUtinou. Xf, Xcrvn« 
■LUMorim. I Attn llrule.) 



]in>ximitjr- to tb« RutwüttilU gpUlkniMa, «■ la Die ol>loii)[aUi mikI tlir pon«. It cab b«- 
M«n in «U tlio wdiuii* htniaflrr repraMitMl (Kiir«, 232 and 2.W, for Mampk). It 
haa, unill nnit'. b«»B rulM t)M> sMviding root nf the Hflli nrrvA cop alto Fig, 251). 

[Einher one ßnrlK the lateral home here well developed. From cell« 
IpOfl nt their hue« bti'1 higher up. appearing on the lateral edge of the an< 
terior horn, comes the nmrtu aeteswriu* WiUUii. Its root-fibers^ which 



X^ UBDULLA OQtONtiATA. 

Hrie« below as far a« the sixtli eerrjcal nene, and above as far as the be- 
gimiiny of the ciblongatn, do not arise in exact onler, it» might appear froni 
Fig. 830, but extend fir»l toward the brain, and kter thev bt-nd outward 
forming a kne« (Darkschewitfich). Only the himzontal limb of this knee 
has been caught in thie eectios, represented m Fig. 236. , 

The RKMt ftnt«riur fib«» o[ tli« oeefttnHu* In >niin«l», and in on« c&m obeerv^d 
ia nun, oonUiin the inhibitor? ßbrni ta thf tiMirt. I linv<r Kcrn pronounced «lav,-ing 
o( the pulae on defecatimi arliuf [rum the exlsta-nc«! ot n vurix ti) tke frunWl ac- 
cemoriUB region, uid i aaw this patient die witli Symptoms of incrcaeing slowing of 




Fig. 232.— Croia- section of ihv oblon^ta in th« rrgion of ihr \avmt hjfio- 
fflASAfli root». Th<> p/ramldal decusaatton nenrly «cmpletc. Xe, Xucl*ua ftinieuH 
cuucaU. Sil, Nrrvtie hypogloMiu. Other marks some as in Kig. 231. iMlcr 
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the heart's action, when Üie vatix bcrane larjter and Anally bunt. (ßrrNnrr kUntrntte 
Wochi-ttgehrift, 1808.) 

Notice also, that in the «pace between ihe anterior nntJ posterior horns 
the gray matter pa«see through the Intern! mliimn in the form of a com- 
plicated net-work; this is the formation of the /ironwjrujf relieuJartt. 

Their gray matter conBista almost exeliiaively of comMiissiiral celU, 
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which join Iho ditTircnt levels together. Eorlior tn IhJB work, in the 
coTifirlerHliDn of tht* brains of lou'or nnimaU, attention was c^atlüd to the 
fact that regularly at the lonler between the spinal conl uu<l the bulb this 
greHt cummiggnra} system appears, or Dtr^ugtheus that alreadv exinLing. It 
W88 there designated as the assuieiation-field of the mtttuJIa. 

Above the level juat descrihiHi begint) Üie rfarrBngetneiit of Sbcts, ctc^ 
which brings about the c-hangts ob<crvcc] in the croee-eection of the bulb. 

We hav« learned in the cord ol two (awicwli eortico-spinalee, one of 
whteh, lying in the anterior column, conducts toward the brain fibers which 
«re derived on (he opi>o«ile side from all the different rool-regiona, and a 
second, the croeMMl pvrautidal tract, which cuntains fibers froui the cor- 
rosponding ventral horn. 

At the upper end of the cord this latter tract eiitcTä the anterior column 
of tJic opjKwilr «de, by larff« bundh*. which bruak Ihroufjh I hi; ventral horn 
of the auuc side. There iL uevts the antcriur or din-ot |)ynimidal troct, and 
beyond this the uncrossed tractus cortico-epinali^ jtisti't «nth the cro9«ed as 
pyramidal tract to the brain. The doreal horns move farther forward, jart 
as the place iu the lateral coliunn occupied by the crusM'd pyramidal tract 
het-onir>s tntv. 

A few Hiillimeterx higher «till the pvniinida! dwuBsatjon is uomplct«!. 
llipro lie, then, nmr the cnxsiteii |iyniniidul fibers with the direct pjramirlal 
flbera in one Urj^ bundle, ventral in the medulla, litis \e dietinctlT shown 
in l''ig. 832. It will hi- seen. too. that the anterior ground-bundle {Fa') is 
placed dorsal to the pyramids. External to the separated remnant* of the 
ventral lioni a small gray focus is seen. It belongs to the lowest point of the 
olivary body. Tlie olive enlurpt-f materially as one ascend.-, anil fills s large 
part of the room in the lateral tracts. The»^ latttfr, from the appearauce of 
the procefKUS rrticnlare», hart« la'conie richer in fibers. The association -field 
develops more and more. However, the path» arc only traoeable a i<hort dis- 
tance. Many end in scattered, cimall gruups of gunglion-cclls (nuelctis of the 
tatrral tract, nucleus n>ticillflrii; tegmenti, etc.). 

Th« rearrangement of fiWn«. the crossing of the lat^'ral pyramidal tract 
over to the opposite anterior column, in well shown in the accompanying 
dravrinpi by 1 Irnle (Kiga. ^31 and 232). The tteparated ventral honu can he 
traced farther upwnid, hut disappear iit alxnit the level of the pons. 

The pyramidal tract« are »euu on all the following section«, lying l»e- 
tveen the olivary bodies anteriorly (tec illustration« in following chapter). 
Later they an- e(»venil over »nd dividtd into bundh-^ by the tratuvcrw fibers 
of tliL- poiu. How they emerge farther on beyond the pons and pOMi through 
the pes cenhri into the internal cafKule hae lM.'«n repeatedly dencribvd in 
pni'iilini; ehapten». It hits also been explaineil thai the iweondflry degener* 
»tion. which takea place downward after interroption to the oorlieo-spinni 
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tract in the brain, effect« in thu bulb the pu»tiTior part of the oppoait« latcrnl 
column and the anterior column of the eanic eidv. 

Opportunity Iq IqIIow llic cournc of Uiv pyramitlnl tntct is offered not «O uldoni, 
if ill aucupnin on cosea of loiijf aundius cen-bnil lutllateral panlfiifl one make 
trnnsvpniip iK^ti«nH of the pM Mnibri, t.hn pan», the liulb, nnil Llin cnid. Th« gniy 
pynimid of the (liH'n.-<<^ »idc iip|>«ini UHonlly in nuirkrd ciiritru»! (u the white filxro 
o( tho other tide; in tbe oord a gTByiah s|M>t in notiioenble in the povtn'ior part of 
tb« opi>o«i(« lAt«r«l colunift. 

At the level of the pyramidal diKitissation appear nl&o chanRcs in the 
donal eohuniu. In their centers, first in the poatero-median, later in the 
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Fig. 233.~SkUod tlirough tbc brginniii);; il Uk ».MongDta at a humaii tm- 
brj'u at the tweiit}->«ixth wwk. «I kmUIIou. One hvo Uh) fiboi» going from 
Burdnch'n <t>liiinii to tli« dMrtuuwlion of thf Ill1«t. nnd t)if fihra' arcifonnca ex- 
terna' dnnuilr» frnin fk>ll'« rolumn. hitrr clrM-ribrd. Kotiw» the position of ths 
c«n^>>l■IUu' Inul. Uiutvr, t'urrfrr Horn, FiJiil.. Aut. Iiorn. rViV. XmteS. &eM*U, 
InUrolivftT)' Ujcr. lordrriUnjiif Kf^l, Kcmaina of Mit colouiu. 

postcro-lateral tract>(. ari^e gronpe of gray deposits, containing ganglion- 
celU: the nwcleiis gracilig and the nucleus cunoatiw. These nuclei hiend 
with the grajr matter. who«e fonn i» corrcapondingl.v altered. (In Fig. 231 
the fiml of thccc may be seen; in Fig. S3S both of them.) 
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Probably all the fibers of the pofiterior columns ulttmulely end in 
naclci. From them, in turn, spring iDttsnes of libcTS through the gray ma 
iorward, uid crgea over to the other side anterior to the pyramidal crotibing, 
Thes« fibers later niAke up the fillet, hence this crossing ia called the dteus~ 
tation of Ou fillsl. 

It » not rery «*»y to he ranvinepd of the psistimrc of * flIli*t-crouing in ■ 
fiillj-d«VL-lopi.sl brato. Uut Ilicre icmiuiti iiu duubl At oil, vhea one emninc» m«- 
tiou of til« bulb in n fcliu of i>pv<-n month«. Ttarir tlu- mrdullHrT flber» of tliv 
pjrninid*! (ti><^Mut)on do not Ti>f ilititiirb ihn pirttir*, lhi> fibrr« al thei portterior ti»«t« 
being more dintinct Uintujcb being isirUi-r prtividvd wiiti nitilulbirv iheatbs. At flrit 
one tett pnncipally only üben voniing from the nupleu» cuneatUH; townrd the niatb 
Bumlh, fconcvrr, n little higher up, one nuy re4>cgDiM the dcciUMUng fiber* froB 
tbi nuclei» grarlUft. 

Ccmiporinj; Fig. S33 with the two figures preceding it, oae notices' 
bchinil tho central caual the gray matter, mucli wider than before. In 
the column of Qoll is seen it« nucleus; also in the column of liurdach 
it£ nocleits; both arc continuous with the gmy mstter. External to them, 
itmotuided by a thin layer of mcduUatcd fibers (upinal root of the tri-! 
geminal nerre), lies th« snbstaDiiii gelatinosa of the dorsal horn. Id front 
of it, in iho flpace which in I-'ig. 233 is occupied by the dark pyramidal 
fibers, is a clear place, liecauH> Iheae fiWn hare not vet reoüved iheir 
mcdoUary «Iicathe. Tht- anterior ground-bundle and the cerebellar tnicta 
lyinfr at the pcriplicry ot tho taterul column are already mci1ullat«d. 

Krum the nuclei of the poeLcrior columoa may be seen issuing fibers ^^ 
vMcb pa» in ciirv« ifiUa- arciformfs inUma) through tlic gray matter, ^M 
dwiiwate in front of the ponfra! canni, and dispose thcmwlves in a tluck ' 
layvT dorail (o tho previously decuisalcd pyramids. The territory occupied 
by them comepoad« to the anterior ground-biuidle of the cord. The major 
portion of the fiber* a«cendiu^ in the»» alreudy deciLOMtpd sensor)' trsets an* 
iien-tiy pushed backward and outward by Hit«! newly arrived Sbci«. There- 
fore, the imited, croa«.^. scueory path^ of the eecond order (Mcondary 
niniront) padually ^11 up all the »pac« tying between the two new gray 
mo)>«ej, which ariae in this level of the medulla oblongata, the olirn (oltra 
inftriom). The higher on« gave in the oblongata, the poontr in fibers be- 
come the posterior column«. Gradunlly thoy nil pa^ by the areiiaic fibers 
Into the llllet-croMing. and «o to the opposite side, near the median line, 
where they form the intemliTary bundle, or, as we from now on may know it, 
the fillet, for its fibers paas upward to the fillet of the midbrain (lemniscus). 

In Fig. 235 xt presented a etcheme of the course of the sensory fibcn- 
One may tnc« the direction of coch bundle by it, bcgiiming at the ratranc« . 
ftf the rool-filwrit, and ßnnlly dcmoiiBlml»' where ('B<?1i one ends in the 
medulla oblongata. Kspecinlty noteworthy is it that the fibers which have 




deciieeated in the cord lower dovn are joined by tbosc which here crocs over» 
forming one bundle. 

There ar« then, in thia r«gioQ of llie bulb, two iotporlant docuemtions: 




Fig. 2S4. — Ctom-wouou thmugh Ih« medulla i>M«ii|i;»t<i uf ns rmbrfo of 
tivptity-aix uvek«. TU« nmlullalrtl fibpin HtHinnl nitli hirRutaKrlin. lite left 
intcrolirarv trmct and the Iracliii aiiliiallt «ewvl triRpminl iiiv not abown. In 
the mllfonii bod; mil)- Uic tplnul porU4>n la inrilullatt>d. F(hnc »rrt/onm«, 
Flbr iin>. pat. ntit Tliv HI», ate. osl. [xwt. nra ahiive, to Ihi; left and extvnially, 
bctn'wn the r«stiiorm Ikh]> •ii<] lb? |HMli.>rit>r miunin, The Iwntllv nmrked 
"Betlnutmna" i« Uir Irurttit n-i-rbrllovpiiMlJ* vcntnlb lati-niH«. nlikh rfmnina 
in UtiB lorutinn >■ liij^U u|i u* the iiiilrrior fiart. fi Ih» \mn*; llir trnct. orrrMlu- 
«pjtl. dnrMlIn, aa here wi^ii, luil« dlin-t to tlic cvr|iun rraUfurnic OUcrit Ztrixeiim- 
Khidit. IiilMolIvary laypr. /un. .Vrhrn tUlrr. InliTnal »cwwoty «»llvary tiuclMiia^ 
Hint. Sthm OHrr, I'twti-rier «t-fw*!«^' oli»-nry nurlru«. iHnitrttnmf, Pavleriar 
colamn. A'/ftmarr. RaA*., UilrnI rcnlwIUr tract. 



AKATOUT OF THK CEXTHAL N'EItVOCS STSmr. 

ttiftl of the pyrnniiiU luul tbat of the fillet«, [n the former are motor flb«ra, 
ID the latter, ßl>erfä w^n'iiip to eoDciufl Bensor\' inifire«sione. 

Two iiew libcr-arciu have iiriiten: ventmily tJie pyraiiiiOal hundle nnd 
(lonully from it the flllut. We n-ill be utile to fallou- ihem both higher up to 
the region of the cori>oni (|iiaclrigeitiinii. 




PIfT. S-tlt.— nrbmni of Dm rouritf o< tiit «ntsory thtn fran tbc (MMtortor 
rmu D|> to Ika mediilU oUnagaU. KMnlilritJirirra U., \jaUni cwrebolUr Irarl. 
Tenia- BtHrttr., A>l«n>-Utoral coliiniB. 



ITip fi1h-t oonttim many more fiWr» in acbilt man than appear in the 
Bpeeiiiicn fmni the fettii». jtiat ileinonstnited. With the leHer all the fibers 
from the aDlero-laU'ral (^mnd-bunHle bt'lunginft to the tentory tmct ore, as 











Fig. ^U. — Thf hitiil Hn<l Aller liriiiii rk|uH«d li> r«ntü<ral of Itii'ir roof. 
Vduin Dipdullarc ntidtiiui nod i-rrrlxTltuiii «till rUibk. Veluiu mrdulliuv jxiati 
mill hu Ikvii ri'iuuvKl along tbc duttcd Woe, hi. 2iriwA<-MA(ni. Tbalainpn 
tvi'hiJon. UiUfiliirH, M#9HMir«|>linlon. Htnlfrktm utd KtfinMm, I'otu and <«n- 
Wllniii. Xactihini, Mi-ilulla oliluni;piUi. Nutlrnmark. Spinal coid. IttrvfcAmkrl. 
C'«rcbn>l peduncle. Afnrtrami, I'Klunchr of cmbrilun. 



scribed, also changes its form, «nd nov miifiBP« of it Apponr in thp mt-sltilU; 
three at these — the two poetcrior Ducl*i and the oliTS — we have already 
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ANJiTOXY or THB CEXTBAL NEBT0C8 8T8TE3I. 



Btodied. Abore »H, liovevcr, the external form ol the moduUa is fn^iatlj 
chnnged. As the filier? of the posterior columns graJiinlly run into th< 
rcfipectivc nuclei and ond in them, ihe gray matter of ihvdo niicloi bceomc' 
more and more «xpugcd and fmally He on the doi*a\ surface of the 
bnlb. But tlie posterior coIuiuds at this level separat« gradually from each 
other. This brings llie posterior or gray commiwure of the cord diatinctljr 
into Tiev, wheru the^c eolumna acparate. Hvn^, ohio, tbo central canal 
bro«(]unit and foruu th« fourth renlricic. \S'liai covers it bctunivs thinnei 
and oiorv exiNiaded. and can bo followial bb far as the cvrcbdlum, being^ 
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Pl^. SS7. — MmIuLU «UoDg«(«, pom«, cMvtwUiit», and p»t podnncal) («ntoriof 
tJcw) i to deaioiutnt» «xiU of cranial nervo. 



HDed the iWum TutviuUan potticum. With the commissnre this fnnna th 
foof of the fourth vi-ntricle. 

In the looi^ludinal section represented in Fig. dot: can be acen tti 
combined «iTcrinpi» «f the fnimh vontrirU', namely: the rehini medullar« 
poatictim, the cerchdlum, and lln- vidum metlullare atiticnm. Clo»e to the 
beginning of the fourth Tentriele. in the vehim medullnrc poeticnm. ia an 
opening, or foramen, leading into the vi-ntnrle from without. This ia the 
foramm of 3lajtndi«. already mentioned, through which the Huid in the 
Tentricle fximmunicates vith that which flows about the entire central 
onaityatem in the inibarachnoid space«. 
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In Fig. 836 this entire wof is represented as having been removed, 
allowing free view into ihe fourth ventricle, lis fioor U bonndptl lielow by 
the diverging [losterior coliininh, above by the superior cerebellar peduncles, 
which coDvergo toward the corpora quadrigoniins. This gives it its peculiar 
diaiuond «bape. 

lu this figure the view ot the medulla piMleriorly indicate» the gmduaL 
disappcnraucc ot the po»tcrior colmnas a* Ihey ascend, and that in place of 
thciii tlir inferior ccn-Iicllar iK.tltintlfi', thi; rei^tifonii bodies (see belov), 
appear. The protubcntncc in the upiKir part of tbc posterior median column 
is called the chva; it arises from the deposit of the nucleus fonienli gracilis. 

An anterior view of tho medulla (l-'ig. 237) show^, Üret, the thick swell- 
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lh%. S3S.— S«c1lan llirou|;li tli« oblotiftalii Ht tlio level ol the iMwIerior k}-p- 
oglnwfti nrals (M-l)MuaUr). llhilrritlrii»-/r, foaUrior c«turan». lllHlcrhom, 
I'liMi-rior lium. V w ihi- SrllfHUot ti. Anlimtlnlcnil bnrn. C^rrh. Bitkn. lateral 
n'MHOInr (r*cl. -lu« flüi'i-cMuttirk. Ktmn the «|i(n«| cord, .lim ff, 8lr. Xcutit, 
tfoui ilti' DUi-lcI i>( the puaUiior «.■uhiiiiiiii. Schleift, llJlet, 



ing of (he pyramids, arising out of the cord. Extonint to them appflsr the 
olivary bodies, at the head of the lateral columns, as two Urge tumefactions. 
A little higher up the large traiisvcrse tlhere of the pons apply thf-mselvee 
across in front of thi> pyramids. In the extension of the anterior radicular 
groove upward, between the olive anil the pyramid, arises the uervus 
hyfioi/htisvs (XIl) from the medulla. 'Hie nerrus acctasariu» WiUUH (XI) 
»risca from the cervical cord, and higher, from the medulla, external to 
the olive, by numerous small buttdles. Above, in the sam« groove ex- 




tended, the aervus va^vs (X) and the nrreu» fflofso-phan/ngrus (fJT) 
hn^t their r.\it from the mcdiillfl. Jusl lK>hinil the ])ous, and latpnitly, 
«ix- tb<! origins of the nervus acueiicus (VUl) nud the iwrt-u« faciaii* 
(I'//). The sixth cranial nerve, tli« abdurem, arjäos internuUy from Uio 
two last named. From deep in \\\e pontile flber? uprin^ ibe trigeminus 
(I'). I'll« orjgine of ih« trorkkaris {IV) und the octiln-malorius {III) vcv 
have alreadj lennied. The Irochleflr eomc» from the velum medullar« an- 
ticiim behind tlie corpora qnadri^eniina; the motor oculi ventrally from 
tlsv pes cerchri. 

The laet aection of the iiicdullu considered was at that level irhcre the 
central canal ex[>ands iiito thv foiirlh ventricle. Ewu before tlii« Uic first 
nuclei of the cranial dctvi« have a[>peared in the xray matter surrounding 
it. The fibers »f the nreß^whiiti ariw from eolU in the nio^t lateral portitin 
of the venlrnl horn, and fnini a plaw anterior to it, which rorrespfind« to 
the has*' of the former anterior horn, the mtrUus hi/pngloHsi, the fihers of the 
h}'(ioglosMl nerve develop. 

In the two aecoinpanvin^ ilguri'^ this n represented. If St be noticed 
how the centnd canul, fullouiuf; the evpuratiuu of the poelcrior columiu» 
apreads out and become« the fourtli ventricle, it will then be easily under- 
Blood that from this point on all the ner\'p-niiclri must lie in the floor of 
Ulis ven(rii't<>. Thi» is clearly shown in Kig. 2H!<. LateniU^ tnuu the#u 
centers lie the posterior columns, now «pnrscly provideil vith ßliera. til« 
poMluricir horn, discernible hv the su1i«lantia K'-'Iit'^'^™ ^j' '^'^ huftil, ia 
entirely i.epnrniei]: and Ihe Imsnl part of the lateral horn, too, fmm trhieh 
coiQu the 6bers of the motor uccessoriiis, loses its connection with the cum» 
p«cl gny inniter a little higher than llic plane of Ihe Harare. It continue« 
M» a column rich in ftauKliou-eell:« ventral lo the ftruv matter as far aa Ih« 
[wn«, and, after the nccwsoiy ha« mode its exit, gites out fibcra to the vagos 
fand glosso-pharj-nReus?). which first ascend in n dorsnl direetjon, and then 
U'lid around lo ihe res|H'etivc nerve-tnnifc (nmlor vajni», ele., nueleiiA). 
Higher still it is nwt as the facial center. It mnst. therefore, be remarked, 
that, with the exce[)tious of the hr[K)igIo8sus and the motor nerves lo the 

eye, all the moltir tibtT« nf the cranial nervee arise from a cellular column, 

^^B which lint in a prolonttutiuu upwan) of the lateral cells of (he ventral horn. 
^^^ Next one sees, in Fi«. ÜSt*. what has become of the remainder of ihi« 

I bom, and how greotly the olivarj- li(«lies have enlarged, ttlien the IntonJ 

I boru has hocome «(.'parated, there appear« whore the posterior hum wu 

■ insertud — in u place, therefore, which held nuclei of wnsorr nerve» lowar 

^^ Id the eord — a new, Urge nervt'-o-'nter, with spindle-shaped cell», raj 
^^P aimilnr to thnxc of the donvil horn, the setuory center of the viufiu ncrt«. 
^^^ It liea in the floor of the fourth ventricle, median to the ala einrrea (Tig. 
^^ SSR), and extendi« forward to alwiit the middle of the white stride acusttcas. 
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Into fliia BUtcrirtr part of ihc c-cntw pass filit-rs of the glosse-pkarijngeal tur 
Tin- grnit«r part of ihie nerve, howeviT, coim-s fnim Hb (k-Hceiidiiig root (t 
below). Wu have Icjiriifil, llion, two iiiirlui fur the vaga«: u vcDtrul ont^^ 
whic^i from it» position (in the proiongitioii of the rcntral liom) uni) [rum 
Iliv appciarauiru of its cells (multipoUr with iixis-cylindc» passing dlrtctly 
into the nvTvo) is lUutor; and a ilorgal out-, whioli, lyin^ in the prolongation 
of the gra^v nialter of tho \msv oi Ihe posterior liorti, is also, by its slnicture, 
characlyriüt'd »s eomory. Tlii- first of tliysi? iiuflui ts closigoaiod niukus 
ambiffuus. Tlie (then tu whicli it gives origin pats», all of tlieni, dursalljr. 
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Fig. 23«.— Spflinn tlirougli the bulb at tho Irr«! of tli« exit of the VBgui 
(tclipmstk'l. Uot. X'ntyu», rtv.. Rrru. NuHeu* of motor vw(tn*, dru Sfltntkor», 
I.«Unil (mni. Vttr'tfrfi'tyirrrl, Rcninntit of niitrriiir horn. Sfitrntlntnaliem, 
Niiclvii* i>f Inti-ral «-«tiinin, Srltlrifrtifaxrrn, Tiivn »t Mitt. Olirrn Xti^iKh. 
SeAicht, Intcroliviiry U.vtr. For olh« Icrnii <*c V\g. 238. 



and, b«Qdiiig to form a kn«?. join the much ooar«er filwr» of the »cnnorj" root, 
vhich pa«« out »traipht (I'lg. 23ft). Besitk-a thrw.- two nuclei, the vagu« re- 
ccifw fiber« fnun at U'ii»l two other plaees. From the upper cervical cord 
downwani one may sx a fine coltimn, which may he traced tipward to the 
oblongata, to the plaM where tht? laet gloaso-phan-ngMl root c-nicrges. On 
its median »ide lice n cohinin of i^clatinoii« niattor, in which cell« an: 



Bpnringly imtNHJdod. It it eaUcJ tho Irachs solituritu, or eombinsd dtMtnd- 
ing vaQv» glotto-pbaryn^fol root. It can )>e seou in t'igfi. 234 aud 239, lying 
dorial to the vagus roots. Only a Hiuail jinrt of the i-Dteriuj{ vaguB root» tunu 
cautlall}' into tbi- fuiiii'iilus HolitHriuit, and enter«, after gniduallv splittiog 
into i-iid-roiuificai ions, into the iicighboririg ^riiy column. ^^ 

This column is, t lien- (ore, tin- nurleui »f Iht ghts^a^iAantngru» and a ^H 
portion of thi* vagut. S. i^um^u .v Cajal lia« n.-<-i-utly sbowu that just at the 
place where the cootral caual wid«nä to form the fourth vcnlriclt the twv 
terminal nnclei of the vagus and glosKO-pliarragons nervös approttcli each 
othi-r, and, I'ventually, at the puiul where it opetu^ coalesv« to one common 
Diaite, the HucUits miiimisinraliK. A oun^idcnibtu number of the fibers of ^^ 
the runiculu» Holitarius cross over to the other Hide at thia point. ^| 

The glosao-phart/ttgral nent scad» Iht- Urger ma« of it« fibers to end in 
Uie ^ay matter of the funiculuA enlitarine, while only a rulatiyely snull 
}ioTtion of them branch in Ihal of the flour of the fourth ventricle. Again 
we hftre the plan of the seutwry nervw: nerre, nuclene of oriijin in tho 
spiiifll ganglion; r»r the nerve-root, ultimate center (sensory vagus center); ^^ 
and the deetiiwateil amending c^rntral tract. ^| 

la tlie floor of Ih« lourlli in-titrirlr, twtwrcn ttir vagas ceot4>r nnd tli4> nMdfain 
linv, Iii.li annllivi ■inall •ivplljii);, Clarke'« i*a>i '!''■■ fid hYtt, in vrkicli lanv (>« foundi ^^B 
ftviii till« (ruiital i-iiil of lb« hrjiofilunNal cvnti^- mi ii|i L» near tlw uriKtn of Um tri- ^H 
ImIaI, a ilcfMh-r ^ou|> o( Bj>lndl^ilia|Mil vvllu: itie mwim» tnmicHll tarll*, M/eynmtVm ' 

ttutlrMi mt^ialU, lis bBjioTlanc« la as yd unknown. 

The hypoglo*siig center consists of sevenil groups of ganglion-cells, all 
bound together hy a fine net-work. From* its large multipolar cell» derelop 
di'lii-ale twigs, whifh, converging like a bruiib, fomi a number of small ncrre- 
trunka. From this center there develop liber», fibne afferente«, just as from 
the epinat nnlorior horns, which crofis over the modian lino; they do not 
go far over in the other »de, however, but extend, after |>u£^ing the niph^ 
cerebrally, and within the pomt are joined by other fibens (from tho fuciatii 
center). The combined bundle then pasMs to the pes cerebri. If Ibia course 
he. [)erhai»8, a little dilfereni from that of Ihe spcondnry (centnil) tnutor 
tracts in the spinal eonl. slill it ii* malerially Ihe same: norve-root, nucleus, 
dceusäaling tract to \iei. 

A not-work which binde the parte of the hypoglossal center together ii 
of p^pectnl interest; it oceuni only in one other center, the motor oculi 
Tlien* are, howerer, no other nerves whose nbens are called into action ao 
«imiiltaneongly and hanrioniously «s those of the hypoglossus in deglutition 
and ihoiie of tho cwulo-motnriiw in movemenis nf the eyes. 

However, there is demonslrBble in the probmgation of the hypogloHal 
net-work. imiunJialely under the epithelium of the ventricle, on both sidcn, 
■ meahed bundle of niedullntcd »ene-GbeTii from which fibrile arc given off 
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ve are iQ(I(>l)lt.-d for our kirnw l(i1^i> nf ilo nct-vrurk. ha» well-ahovn il8 wealth 
of fib«« and ifllp. Voutrul frum Uic ci-utcr an- u few Mil-Groups (BoUn'a 
h^riMgloseal ci'hIit), fmin which, howcrcr, no hrfxiglo««»! HLici« arise. 

The p>'r»mi<lul rrowing wk> diarorcTcd ■■ euly *i 1710 hy VnintoU Pvtit. Th« 
olIvM •»!<%* tint dnarritinl by Vlfuwten*. Marrosoo^rir dilT«>n>>KT« in Um> <teTal()|Mneiit 
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of Uiu oblongAtA from Hip cord. «H|<M-ially Uic surfocc-cUmig««. have l>»ea 
■iura SiiB(4>rini, Iti-il, Kutilach, hikI K«1un<Jo. Ttir niicld AK-ifomic« And tlieir cor-' 
tring. Obre arc-lform«« antfrintM, \ihii> tiM neu di-m-rilwd by Aniulil. wtio ra^rdrd 
tJiem «• "anUiJuiUL." TIip «iriw nciKlicn> uerp diwo*<ired by I'i<-ti1lioinini. Aa to 
tlieii reUUonshiji to tlie auililnry rctyc, tlirre orotio tvta Mnn li» linio of mltvw 
WTifwa n livoly dioriimon. ttenl liglit on Ihp ronstmcüan of tli« modutln oblonftstM 
w-u <lu» U) rcMardiM of SUiling, tCsHik^r, Mcyncrt, Schtofdr^, V«ji <li>r Kdlk, atul 
iMu-r. In n-ceni tinn-n nttt'iitiun ha« been given In Uie iierre-ii-iit^r» Uirn? found 
(llutldpn, KoUpt. l-'rpucl. Diivul, Koch. DarLerhenitcli, v. Kniliker, S. lUuAn y ^'aJnI, 
And «(hvr>). 

Th# existpni*p »f ihw "j;li»»o-pharyngcjil ct'nu>r" inimodialply in front 
of the vagiiK rmlcr t» dUpulcd. k i», in fftct, diflicult to tind by lho iisiial^ 
tnHhotlK tili* fiiialt portion of the ihtvv <1ippiiig into it. T)u> vniplovraetit 
nf the Qo!^ iwlliod, hont-ver, toAohes (Hold) that the retntious met are as 
jnst described, inien tlic gloi-eo-pliuryngenl nerve ta found and had »tartcd 
on it« counie, on« »w» tlial tlif »tm\l culimitk uf ^fruy inatler. in uhiL-h it 
luruimatcd. cxteudü ülill fortliiT anteriorly. Wallcnberjir dcnuHidtralcd in a 
case of degeiicratiun nf the Irii^fmiHU*, in whit^h princ-i[viilly the miuv *<•( 
tORle aiiflcrwl. thnt lilN>r¥ coniin^; from rhis anterior niioleus enter the trigtm- 
inut. It »ui»l llierefoiv be ooncT'dc«! iliat llm long, thin column of gnij 
matter near the faxcirnht* aolitarius iti thi' taste-center, and that fiben* ent«r 
it whieh run partly in llie Irufeminu» and ]uirLly in the ffhi.*M>'f>linrtfti^euii. 
The supply of tlie ihrfum Un^mp with taäte-lli>er^ from the gloeso- 
phaiyngeal and rhurda l>/mf>ani h^-iup, aci-ordin^'Iy. to de|K-nd iijiun a sin^Wj 
ntioleu». The pnciiuiojiastrio and plot«i-phuryuK«il very probably have ai 
fidditioruil descending root. It comeg from the eerehoUum, where we luvtj 
already rii'oj(niz«yl it a* the <lirfft rerfhellar srnsorg Inwt. KxMelly whieh o| 
it« Tibers rtucb the vngii» i», in mail, very difKeiilt In domonirtrale. Naturalljr 
the wnaor}' QIht^ of the tierve just mentioned arise from the ccltfi of the 
rool-ganylion, fmin whieh they (His) develop, the same here, near the c«re- 
bnuB, aa do the «eiigory spinal nervra. The nemwry crlla juat uicnlioned are 
their «nd-»l«tinns. There thf^ fibril» divide up anmnd cell». On the ventntt^ 
side of till- center one «?« nmny libers cntcrioif in by can*«. By the aid oj 
the coBii«rative-devoIoprnent methoii it h«i* been demonNtratwI that theyi 
aria« from the lemni»eiii<'layer of the nppoeit« side. Therefore we have for) 
the eeuaory [mrt of the va^ua (and the «ame i» true of the ßloAeo-plian-ngeus) 
a d«cu>ntiuD uf it» Jlbers soon after their entrance into the rerehro-npinal 
txia. 



CHAPTER XXIV. 
The Medvlla Oblosg^ta asd the TKOMKSTiru of thk Pons. 

Havin'o seen how, through the renrranjreippnt of fitwrg, and the ap- 
pearance of new ganglion-groups and the disappenrance of the poctorior 
coliiinni*. the obloDgHtn i« formed, tliero romain »till a number oi fibrous 
tracts to be fnUow<Ml upward from the cord. The posterior columns are con- 
tiniied upward indirectly by the lemniinciii*, and in it also are to be found 
those »enswry fibers of the second order whii;h ascend Lu Ihe antero-laleral 
columaa of the cord. The pyraniidiU tracts from botli the anterior and 
lateml oolumai lie now imiTt-d, venTrnt, foniiiiiR the tliiok pyramid of the 
bulb. The Interal cerebellar tract Tctnim its pntiition at the periphery a» high 
u (he ohvary body. There it* dor-yil fibril« begin to turn toward the cere- 
ftelhim, asrcnding dorsally. They soon afterward form the niifOeiis of a 
large bundle, whirh first iippeare here: Ihe inferior crrehllttr pnlunrk, 
corpus rtsHformt. Its ventral portion occupies its original position as far as 
the ponf«, and then ttirnä backwu*d toward the verniis superior. 

The corpus resliforme uris« laterally from Ihe upper *nd of the pos- 
terior columns, at first hocau&e, m ]u«t stated, the lateral perebellar tract 
thero pasiies upward toward the cerebelhim. To it pass also fibers from the 
posterior column» of the cord, which, as shown in Fig. T.i:i and Fig. 234 
(above, to the left), mrre around the postero-lateral peripher)- of the btdb 
to join it, fibrte arniat/r t-Tttrntp poslfirinrfs. 'Other fibers come to them from 
in front. Tbeee. the /ibrte arcuaia ejlerii<r. tintfriore«, come apparently ln»m 
the lemniscus betweeu tlic olives, — ^hence from the oppo«it« posterior 
oolunvne. — pass near the median line anteriorly along the periphery, and 
extend partly vcntrally to the pyramid?, partly behind them, partly also 
through them, around laterally to the corpus rMtiformc. The latter fibor» 
have also been called the flhnu arciforme« of the pjTanii'Is (Fig. $37). 
Among them lies a nmleiis of varj'ing sixe, the nueltu* orruatua (Fig. 841). 
Accordingly, to the coqme restiforme there pass from the spinal conl (1) the 
lateral cerebellar trncl. (2) fibcn« fmm the corresponding posterior column, 
and (3) flbcrs prulmbly from the opponitc poatcrior column.' 



'Tbe filier« under No. 3 no«jrr their iiirilulUry •}i<Mithi> montlw bdOrt thoM oF 
tho pfTunitilR niiil «tivr«. probabij- mI Uie »anii! time ai tite potterlor cb l ii iMii . 

(379) 
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In the period of devolopmcul represented in ¥ig. 334 only tlie medäl- 
Inted fibore of the cord an? ahowD. U accordingly ehoTre wcU tho position 
and extent of this ptrt of the inferior cerebellar pediinele. l''ig. 2*11 also 
love the diiTcrent kinds of srctform fibers. j 

In the corpuB reatiforiue, however, besides tJie obere from the cord, it' 
a second and much larger tract, whieh, sine« it is iitedulloted much later 
Üian the former, muflt be differonliuted from it. Tlicre arc fibcra to the oppc»- 
citc olirar>' body. Since they come from the cerebellum, und cannot be 
traced farther than the olirc, they may be known as the tracfue »rtbtno- 
t>liear$g of the restiform bcdy. By thoir addition the inferior cerebellar 
peduncle has now become of eonsiderable size. 

Tho olive, nmUtis olivaris inferior, i& a hollow formation of the fona 
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Fig. 241. — Orl^ of lltr «piiiiil iHiitioa of the carpm mtUornww Tbe flb«n 
Mti Btflnlv nr entirely in llie vitmis. Hlnlrrtlraufff, l'oel»rlor ralnniH. Klrtm. 
If, it., I^lctnt i'i;r«U'lliii Irm-I. 



of a rather pdlnted egg wboec surface is greatly corrugated. Toward thai 
liicdian line it ha« ii 1ouk< l>road oponiof; — hilum nuclei olivuris. With the' 
much folded crow-fteclion one is already fnmiliar. When froth, the oliTC 
ba« a eray, tran^pnrent color, hecanne it eon^ittU principally of a thick maM 
tof ncun.^liB, in »hit-h are iiiil>eddeil much-branchctl gnn^lion-eetU. ThoM 
. send out n long axial prucem (Vincenci). and around them arborize the 
'^iermlnations of another filicr-sj'stem, from the cells of Purkinje (Kölliker). 
Where the iuis-cylindi>rB of the olivary cell« go is not yet known. 
Kiilliker thinks they have relation« to the lateral columns of the cord. I 

The Iractui cerirbcUo-olivarc« or« Urge bundle« of fibers, which Ittcn 
the ventral edge of the roetiform body, extend in gracefttl curves dovrnwaid 
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to the olive, and, then pierciug the nucleus oljvarU from the oiiter side, 
enter the olivary body. Tlifncu iht; fibers, agoiu foIleclL-d in a more compact 
buiidlv, leave by way of tlic hilutti, croi« oyer the raLilian line, oiui tFirnioalo 
in the opposite olive. In guiieni], Ihcy pursue the suae course at the fibrio 
KTcvatio from the &I!et, from which Ihcy can be dirtinguiflhcd only after 
degeneration (Fig, 249). If a cerobcllar hemisphere be destroyed, they 
dwindle away together with the opposite olive. Dorsal to the olive in the 
region of the euhetautia iL-tieulariB are a few Btrauds of fibers, which are 
connected with fiburs from the net-wurk surrounding the ganglion, and 
extend upward in the togmcutum {Btckttnw's ceniral iratt of Ütt te'jmetitvm: 
StUling's remnant of the laferal column). 
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Fig. £42. — The cvrtbrllo'oliTnry dirbion of tlie cor|itu mCllomi«. The Uuib 
fi^M In th« left restifdriii body *hows tlio ]i<i«ition of llie »piiuil divixion. 



The cerebello-otirary tract of the corpus rrstiforme comes principally 
from the outer side of Stillinc's "fleece." The latter is, in turn, connected 
with the Euperioi pcdunelc of the cerebellum (Brschitim conjunctivtim) by 
means of the cerebellar anelcue dentalue, which it tturrounda. Coneoquently 
it will bo ewn timl llu- olive, llie (^ppn^^ite reslifunn body, the "fleoco," tho 
Buperior ct-rebfUar jicduncle, and the red nui-leu« of the tegmentum (alao 
of the opposite side) form one conducting path. There ia much evidence, 
such as experiments on animaU. which indirates Ihat this |idth b importAnl 
for the maintenance of criuilihriiim and of mui-oic-tonuG. Only mammals 
have large, di^tincl olivee {vidt page 98). 

At tbe level of the poetimogasthc nucleua in the medulla moet of the 



fibere from the oord liavc entered the rwtifonii body. Likevriec it 
there a portion of the olivary tract. The inferior «crcbcUor p*dttDcle lies 
to the side of the last rrmnnnt of the posterior coiiimaB, fonning a thick 
bundk. 

We have here a croes-seetion typical of the medulla. After knnuing the 
«D^le ooiupouent part« of this K'ction it uill be well tu vumider thctn all 
together. Much additional will appear thereby (Fig- ^-13). 

Veiilrally lit- tbe pyramids. Thv lung trianpilitr bundle u( iibom, cut 
A<iT<n» juäl behind tbt- pyramids, it the leinnUrus {filkl), the decuaeatctl pro- 
loagatioiiB of the posterior nerve-root», '["he nuclei of the poetcrior columiu 
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¥\'g. US. — Strtinn throu)^ tlii> nuxliilla nblongitt«. A»J*M9^»Se I'utf»«, 
tic, tl', A«*n<)in^ nmt ot v«|:ut. «tc. VtrA. rny,, rtc, 11'., Anlfrior root u| 
v»pu. at«. lUnt, /.I'iMtirt., t'uatiMlar lutfcUudlunl fmclcultn. AMfat. lYtgem, 
Vun., Avi-titliiijf rri>l "f trixi'Mitnu«. tfrtl. Wr. O., I^t«»] corohcllar 
€*ralnil llatib. A.. Crntral b-fnorntnl irarL Ollr. Ztdwh. Schist, InlvroU« 
lajrvr. //fni. .Vrf«. Olfrr, PiMinior «cveuof? ullvar; body. Inner* Hr^ OKrv.' 
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lie poetcriorly and Uterally, <-nvcri*<l only by n few nt-Tve^flbcra. XuntrroUB 
fibre arctiat« intemie arise there and crow»! through the «pace U-twwn the 
iMMterior horns «nd the fUlct to the raphe, and 6o to the other lide. 

A umilar eourse is t«keii by the cer?be)lo-olivary fibere. In the figure 
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they are represented hy dots, but in the adult the two kinds of fibne arci- 
fcrmee mlenin! ai-e nut to be <lilT(.TL*ntialcd. The cxaininution of llitur 
pwodg of niedullation first rendcrofi th^r« distinct froiu each other. 

In the median line all these tracte miiäl natiimlly cro^ with those from 
the olher sidi*. This line, with its mnnj erowinp filierB, is pnüfd Ihe raphe. 

Tlie lemDisciis, or fillet, coittaiiis in this level, besides the «fcending 
path» of the antero-lateral tract, also the lar^sl port of those coming' from 
the nuclei of the posterior coiiimiiB. 'The latter extend further forward 
into the upper leumiscuÄ. 

Kotice aUo in Ibe fijpi'c the ßbriU )>afi«iiiK ^f^oi tlic fillet to the oppo- 
eitc vueus nuckus; they arc analoKOtu to the dociisialitiji: ßbere from the 
antcro- lateral coUiiiin to the posterior hom, the »ewixUirv vajfus path. 

Doreal to the letnniseus we find for th« Urst time again the poaterioT 
longitudinal fosciruliis, mentioned in Chapter VII. As low as the first 
cervical nerves its fibers are found deep in the anterior eolumn. 

On either side, external to the pyramids, lie the lower olives. Thej aie 
penetrated b\ the iibne arcuatie. which, n* we have learned, end in it in so 
far ae IhcT come from the Lfrebellum. but paw through it iu bo far as they 
come from the nuclei of the posterior coluinaa. 

Ijitoral and dnrsnl to the olive lie the inner and pcnlfrxnr afctm^ory olirM, 
nuclei siiniiarlr constructed lo the olives theniselves, and, like them, are 
penetrated by the areuate fibers. 'Ilirough the Ural, Ihc internal one, pass 
the fibers from one ulivt* to tlio oilier, while the posterior ouu is principally 
pierced by th« fiber* from the poslerior eoluuiti», lis (^bown in the figure. 

Dorsal to the olire, in tlie region of the posterior acceaitory olive, a field 

, of white nmltcr thai frnm now on rcninins visible in ibe middle of the teg- 

' uentum, may be dietiuctly followed above, beyond the center of the 

irigcniinng. The whole of it« fiber» (rtntral Irymeittitl path) connect« proh- 

ably (he oiiro with the midbrain (Boehlereur). 

The dorsal pvripliery of the section is occupied by the nenre-centera. 
Innermofil lies tho nucleus of the liypog losen»,' whose fiber«, pasting through 
the olivary region, press forw»rd (cf. Fig. 2-10). I'roin the raph^ many fiWra 
pass U) join it. Extcrnul to il lii-s the pncmnogaslric nHcitu*. A remnant 
of the lateral cells of the ventral hom lica aa ventral or motor vagna nuclcua 
just nnlerior ht the poaterinr horn. The fiber» arising from it form an angle 
before their exit, around which roots from the sensory nucicue arborize. 

The thin bundle of cross-cut ncrvc-Hhers, lying external to the laat- 
ntentioned sensory nuclei, is the combined vagO'tflatro-pkaryngtal not, with 
its nucleus attached. 

Externa] to thi« conimim nnclens of the two nerres lie the nuclei of the 
posierior colunm». in front of which is the substantia gelatitiosa from th« 
extremity of the dorsal hom of the cord. It is bounilcd externally by a 
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thick, mucli separated biindli» of m^diillaied filwri), which are fntind in ite 
vicinitv frwm th« upper oervii-iil eoM, growing larger as they iiwcnil. This 
biinilli.' i-iin Iw truL-isI as bigh aiü the pon^. There it joins willi the trigemiDaL 
fibiTH juet imaing. Kegarding this aptmil root of the trigeminus, cf. jMiga 364. 

'Vhe Inrrilnry brtvrron the «live und Hip niirlei of the po«trrior coluRUU, 
booDdcd txiemilly bv ihi; bitcrul «'«relidlHr tract and the ascending trigem- 
inal root and internally \>yr tbe SUet, conlains. besides the numerons fibne 
Broirormcft iniem* h number u( ehort Sbera, and, lying between these, scat- 
tered multipolar ner^L^-eeUR 

The reticular appa^srniirc of the liiiudleB of fibers in ■ crost'^actioD of 
Üie niediilln justiiu-« tbi- uppelUtiun suManHa tftinilari^. Tlie grniip of 
cells bovL- liL-un numL'd nurlrus relicularis trgmrnti by tkrcliterew, «nd it can 
be tncvd upward to near the corpora iiundrigeinina. The cell» and ihi! 
Gbere an.-, as far as we now Itnow. of the same character as the column-eella 
ill the cir<i; liy tlivir much divided axia-cyhndere they join different level» 
of the bulb together. And to the entire system found in the lateral columns 
f»f tbe cord corresponds clnsely with thib in the tnedulla. ft is well, then, 
to eall tili» charaeteriut le field of the elongatetl cord the association-fieltl of 
tie mrduUa Monifala. It ha« already been tnentioned (page 80) that upon 
this wealth of aanorintixu-niHTi« prnbably is dependent tbe properly uf tha 
oblongata lo co-ordinate vnriou» functionn, as it doea. 

If one make other eei.-lioQa of the medulla higher up, the crose-section 
do«f not changv uutiTially for about two millimeters. One sees Hint the 
actisory nucleus of the pneumogastrie, extending farther upwnnl, continually 
wcoi'^M from the periphery root-fibers in its ventre] aspect. From the fs«- 
cioutns solitarins the fiber» of the glocso-pbaryngen« pass in small bundles 
near the frontal und of the vagus nucleus. The resltform body aVme here 
increases greatly in circumference. To it pass in this IctcI the ohvary fibers 
from the cercbellam. 

The U»t eection* before reaching the pona (Fig. S-14) show that the poe- 
terior cotammir nuclei have disappeared, and in their place lies the (hick 
mass of fibers of the rvdliforni Itody. To the inner side of it is a new Mt of 
fibers cut transTcreely, the dirni rfrrhrVar »tntory traet. WTiere it begu ta 
hard to %ty; perhaps it already existed in the nuclei of the posterior columns. 
Besides this, in thi« section wc have a Jrsfendinri acugtinm root. From the 
corpus rctftiformc puis fibers to tlie inferior olive, which in this level is much 
amallrr than below. The lemniscus and the tegmentum occupy the Mioa 
poeitipne as in tlie la»t-de#eribed sections. Three new nuclei hare come to 
view. One, occupying the place where lower doirn the motor fiber» of the 
vtgaa amw (Fig. 243). sends its fibers doT«nlly and invard. where they soon 
oolleet in a bundle near tbe median line: the nurU»^ fiirialig. The seconil 
of the tbrw iii'w Tiiicb-i lit-« external to the restifomi bndv. -\t times wo 
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may obeerve Hbers entering it, which oimc from tlic (li>nsully<plHceü nucitv» 
acunlid dorsalis, which luTir bcgimi to be visible, while in the followiug sec- 
tion may b« recognized a. \ery Urge center, the rcnlral — formerly anterior — 
nuelm» of the acustievt. One can see already in thie eection how it is placed 
between the cGrebellum und the rMtiform body. A protuberance lateral to 
it, on the surface of the medulk ubloiiguta, in called tlie tuberculum aciuäti- 
cnm. 

Passing upward again, we come to tlie place where the first fibers of the 
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Fig. 244.— The tvlnllonB ol tb» oblnngaln tn tliv infpriui- tdgi> of tlio pont. 
Ulr. $eH». Crxb. B., Dirccl winwcr crrctM-lbr Inn-t. f'rtifr. U. B-, C*nli»l Irg- 
uanUü tract. 



pore Varolii tire vt-ntmlly euperiinpotv-d »n the ]iyniiiudfi, coming, ßs they 
do, from the cerebclluta. 

All Ihe following eection?, therefore, will Bhow in the ventral portion 
the greally intertwined crua portion of Ihe pons, h changes relatively little 
Up as far as Ihe levels described in Chapter XX. 

llneh more complicated than tlie rruii portion ia the tegmental part of 
the pons. ITer^ begins a Inralily of the brain in which in a relatively vciy 
narrow spoce are crowdi-d tugcther imiM)rtant structures, the region into 
which paseas the aaiMicntt and from which nris« tlie facialis and abduceaa. 



SS8 



AN&TOXy or TIIR CCNTIUT. KBRTOCe flYSTOI. 



The eighth cranial nerve oomisU of tvo nerv««, wliicli liave, hb is well-) 
ItnoMii. JilTL-nrit fiiiic-tiuas. It liua Wc-n pru)HMM-(l, in view al this Tact, to 
fitipAratv tlic* two bumiU'^i — uerviiii cut:hkiL' niid ucrvu» vi«til)uti — and to 
couaidcr only the üni a» the auditory nerve, ivganling the other ss the 
toniw nervo. 

Tho cochlear nervt originate* in cells of Uio spiral ganglion of tho 
cochlea. The&e cctli; eend out peripliurallv a delicate hraueh, which rapidljr 
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«plit« Up Mmr^-n the auditory cells (Hg. 16, >), while centrally, annlpffßus to 
tho posterior root from the spinal gnnglion-celU to the cord, the aiidilnry 
Borvc-ro«! pjuwe«: the ntrvn» eoehletr. 

In the MK>tion (E-'ip. ?4>'i) one i^ees how this bundle, earlier known as tb« 
"raäir potlerior." vnU-n with delicate filwrs into the 8l>ov»*mentinnod 
ntulfus Ofuxliei ventraiui. It diWdc« into a delicate arhnrination amnod th« 
large oelU of this Ducleua. To a leae extent it pauea into a rolalircly anull 
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ganglion in man, in uuiinaU often very large, situated between the cere- 
biUuni am! ]>ans, ilorso-laterol from tili- cochli-ur uucleus. This is the 
tuittnuium acusticitm. This iwrlion also arbori?.«» aroun(i cpHs- And so tho 
primary nturon of the cochlearis tonninatee in tliesp two plaeoe. 

From the tivo jtriiiiary itTniini ariew a now fibcr-lraft, w-liich in it? 
Becu»<kry and toiiiary pioloii^Htiiiu reucliw cventualLy the tatcial lejmtiecus, 
or, rather, form» thin lemniscus. 

1. Thn cells of the nurleus vfiitniHs «Mitl out thcir axis-cylinders 
towarii the median line, n-lifre they are seen I« leave the eenU-r a:* a strong 
bundle. This trnet h called the corpus trnpaoideum. U lie« directly dorsal 
to the pontile fihern. and in animftl^, hwftiic« Iheir jions h fihortcr than in 
man, ie visible free on the base of the brain (vide i'ig. 246). 

Witliin the trapezoid body are sealtered larife cell«, nucleus trapezoitltua 



A 



ng. 24(1.— Medulla «Monpita nml yam of a iDOi)lu>y, detnoiutrallng the Mnpua 
tnpesoidviun «r trapcuum, rf. a, {"jramids. 



(Kölliker), who» axi^-cylinders take the eame direction as the thick trape- 
zoid fibers of the cochlear nucleus. 

The entire, rather importaat mase of fibers extend» to a email gronp of 
gang) ion -eel Ib, the evpmor oUvary nucltu», and m much to the same ride as 
by dftciwwitinn to the oppositr side (Fijr. 245). And here, eeotninply, (he 
Beoondnrj* auditory neuron end». To the upper olive come the fibers of the 
lateral ßllot, a dense arborization. In this way connection between the 
ii»ticn(< and the porterior. perhaps also the anterior, corpora qiiadrigemins 
established. 

Defeneration changes (Bumm, BAginski) make it ap|Kiur that not only 
the fiUct-fiberii dosecndinj.' here S've off a creat many collalcnila nround the 
upper olivary nueleiia, but also that from Ihiin nucleus itsolf, from the 
nneleus tmpeaoidcn«, and from the «trin» aeuatiefp, presently to be deecribed, 

numcrouii tracts of ßbere into the fillet, and extend upward with it to 
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the poitcTior corpora qiiadrigvmiDa. To t)ii>se would Ite tutsncinted, also^^ 
fibers KrUing id the utK-loi »itualHl in tliv latml fillt'l juKt tuck of the cor- 
pora «Iliad rigi'inina (ride Fig, ÄUti, b, ouUt side). The latfral filUt, tkenforty 
eoniaim principaUy ituttKntia wurons from the tertiary acustieus md- 

'-i. ll^garding the foesa rhomtMidalie from above, odc'b attention is 
dravrn to wvoral thick strands which, emerging out of the rapb£, extend 
laterally nnd lose tlieiiiR^Ivus in ihi' tiseui-a doso up to the ocrebellam. 
They do uot all ariM? ni«r iügtlJi*?r; il ofL-urs rather often that one or 
another of these biindleH ariM» much farlhpr forward in the üoor of tlift 
siniift, and t'xivrn)» Lackwunl in n-lativcly Imi;^' riHi-hcs, Ix^frtre it joitu Um 
other bundle« nt Uic k-vt-l of the acmlicus. This Ptriiition Je called the stria 
CfUfiieai', to the long, occaeionally alivmuit bundle in front Bergman h» 
applit-d the name ccndttrior sonnru». 

While the tJrst division of the eochlearis is connected with the fillet 
Oiroiigh tlie medium of the corpus ttapezoidevm and the upper olive, it b 
dilTi'rfnt with the jwirt i-iuling in the tubwrclo. This Wfuds it« Miranda direct 
iiilu the iw».-oi>ilary aciiKlicuH Iracl, in tbt* uppwil« fillut, and theee SImits are, 
in fact, the striie acunticre. 

FuDowing their (-nurse miitv topo^nnphically, the atriv arise out of the 
tvbtmilum acit*licum, »ituuti-d between the pons and the cerebellum, anti to 
tt Hniailer extent from the large cochlear nuclons (nucleus Tcotralis in tb« 
fijriirp), and then i<aw; laterally around the eorpiit; rv^liforme, Jik^I undi-r the 
epi-nthnia uf thi* Vfiitriclu toward the ini-diAii line. Near the raphe they dip 
down doepcr, and, while in Ihu raph6 itself, they turn anteriorly and cross 
orrr to liif op]iraili> Hide, where they join the lateral fillet, considerablT 
augmenting tin volume. 

Momakovr «in attophjr ol tbv ■Irtic aflrr drat ruction of tii« »p[><j«il« lateral 
fillpt 1ti(]li njt nonr Uu- i-uryon ((tiatlrliremlna. Ilumm and Dagliisky ciliMrr«*! thMa 
«Irgvitcfuto loHuM tlu- m(|iora qiiiidh{r>'<niiui nftcr d«<(nictkon of th» cochlM. ^l^^ 
Uloral lllirt iiiust. Ihrrrfiirc, mDiaiti üben ruiiniug ia oppotitc dirtcuoaa. 

ll will he seen that the point of greate«t importance in this complicated 
arrangerocnt is (hat the ncrrus cochlrariß, after once terminating in tba 
nucleus codiloins and the tubercnium acueticum, has a higher tract going 
to the posttTior corjx'ni ipiuilrigemina. It rum by way of the lateral lem- 
aibcus. Still, only a portion of its fil>ers enters the lemniscus directly 
Ihnxigh the ftriir; a <>ornnd vcrii' eoneidenihio portion passes fint to the 
oliva BUpL'rior. Iruvereing the tra{N>)»)id tody, and thence arisee the tract, 
vhich cnlerH the fillet and there joins the fiheni from the stri» acusticc 

Tlip uppLT olires, interposed as they are in the central auditory nerve- 
fibers, miiHt l«e center* of importance. Thrir constant occurrence through 
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other motor dcitc» of the eye and to the thalarou», there U here aj»pBrenlly ■ 
well or^iinized. ayiiergi-tic HpiMiratua, well draerving further experiiucnt*! 
rtvcHFL-h. 

üuch less is kuowu of the other branch of tlie eighth Dcrvc, the ntrwi 
tettihuhris. It »rises from pangl ion-cell» Iving in the labyrinth and also in 
the ncrve-iriink itself. TIh*m' cell« m-uö a emaU branch into the sctunrv 
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Fig. 2-18.— 6«rtloa tkiougli Uir rrgioD of the origin of the «ImIuccd«. Orifbl 
of ll)c nerviN vMlibuUria. 



eptthcliiim id the ampulls:, whore it arborize« in extremely detival« filomcnts 
around the base nf the epithelium, and a ««eond branch inlo the nerre. 

Of the two faHciculi fKinvfrffin^ lo thi- aeuvticuH, tlu- anterior noe it t)l#' 
TMtibiiliir. It L-xtcndü. modian to the restiform Iwdy and the aMcendhlg 
trigeminal root, dnrsally through the mwluU« to Uk' prar matter in tha 
ftoor of tlic fourth \entriclo. A portion nt it« filH-rn cnA? there vilh terminal 
bnuiche» to the dorsal nucleus. TIk'«<.' fibcre, juet like the Ben5ory spinal 
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roots entering the poRterinr coltimns, b(>fore splitting up in the gray matter, 
emit fibeni poeturiorh', the dencending mot af the nniitlictis (Roller). A part 
of the fiWn> of the nervu» ventihiilariiü <hies tiol eiiil in tiie dursnl nuclütiit, 
but is distributed to nuclei, as yet iusulhcipiuly known, lying between th« 
Termis cerebelli and the medulla ohlon^iiln. 

The nuoleiifl dorsalia, nucleu« nen-i re.-<lif/ulari8, 'a an elongated body, 
prismatic on crosö-eectiun, wtiicli appears in sections lower dovn, vhere the 
anterior vajpia root is given oiT {vide Fig. 2-14). 

Of tile other ead-ätntions, at prest-nt the most cerliiin is Itcchteicv'si 
nucleus, which lies in the lateral wall of the ventricle median to the fibers of 
the corpus reetiforme ri«ing to the cerebellum, and which extend» in scat- 
tered gray clumps upward to near the cerehelliim. 

The Testibular nerve has, too, a large number of anatomical relations 
with other regions of thu brain The nucleus dorsalia is connected with the 
t^uperior olivt- by uiie tract, and with thu cerebellum by anotliur iiisuiog 
iaterally. About the cerebellar relations of the vestibular äbers, which 
extend farther upward above tbi» nucleus, we know, aa yet, notliing certain. 

Tl)i> fiHgiiiu (il llic ■nintir'im, wlijrh ivtnninMl Inn^ o1>>u,'ut«, linri> bcNfn Ntuilicd 
IB htUf vpur» by ilillercnt invi-Btigiitorn, who did not oH arrive nt tile tMmo con- 
^chuions us thoM> givMi iierp. Urn rvituitt ti( per^onul I'luiniiiallona. Flreud and III« 
author, U'orkiiig im tniiimn fiTilirynu, r'lima Ut |trH<'tii-ul1y th* lainff coitcluitionk ; 
Bci'liUnvn' iiiid Fln-linig ccinlrni] llinl. thf iintrrii>r tunt iliw» iiot cnnin frttiii the doruil 
nuoleus. but Tuther frnin cella in tlic neigh liorhnoi) of Deilcr's nucleua. The origin 
of th* prntcrior root in tht vctttml nutlcue i» «iJtintlfd by nil. Tlila nudcua bccwM* 
ntrupbtc ufltr [>ul1iiiK awov ttit- iiiiditttry iii-rvi! I Kurvt. Uimtranio. Bagiiuky). We 
«rr- inil«l>t«d to KdllikcT for ii. very «ixnct ovaniiniitinn o( llie entire appcinitua. 

It^-tniiH nnd Uchui^titcji liwvc «liHliril the rrid hninehcti in Ihc rui, w iniportaBt 
lo oui iiiiilt^iittaiidltig ot the acustlcus, nnd t)^» relalioiiA of tli» ganglioin-cdt* ihtn 
found, for tli« finer (l«t«iU us U) thv nrborixution in lliu aiiiglr nuclei, tlic directioM 
of [l«ld luvt- t)H-n (<)II«««h1: hi* oxnuiiuRLinn, mnde ]iriiiic[>till)' liy tlie uiie of Galgi's 
method, liused on earlier eludiM, hu rDcenlly been corroborated hj Biunin in ex- 
[icfiniratal work. 

Lateral from the niiclcue acustici dorealis lies the lield of the direct 
ccrebi'llar Beneory tract. From it probably paee fibers to the atusticu». It 
ptBtc» to the cerebellum, occupying ut this level the inner division of iHt 
TtMiform hodif. In its subrt^nce at this point lies a nucleus, of as yet un- 
known liignificjince, fonnerly termed the e-xlenuil auditory nuctfu». It 
atropbii'ä when the corresponding half of the cervical cord is cut through 
(Monakow), lis euniiecliriii with the auditory nerve is not yet established. 
For the present it is, jjerhaps. bolter to call il Deiter's undent, after its dis- 
corcrer, who ha» rendcreil «nob distinguished service in bulbar aantomj. 

In those Buclions which eoiiloin the vi-iitnil neu^ticus wnter the nudeua 
cf the facial uerre vt riöible tl'ijf- 21Ö). 1' "«wist» of a lung row of cella 
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arrani^rd in groups. From tlKve nme continiiall y Sbcn. extending dortally. 
They nro gmdually pilhcred to fnrm > good-^ized himdic, which, urived 
wilhJn the door of the vfoiricle, suddenly turos forwani, and theo as diarply 
bende around to the oxlornal eide of the bulb. 1'he root of the fadalU 
accordingly miLkee a double knee (nVa FigB. 245, 246, 24!), and 250). In tliis 
IcQC« ib dcposittxl the niteUtu of /A« abdueeas nerve. 

To Ibe trunk at tli« root of the faeUI nerv« pua Bbera (ram tht asnttidlng root 
oi the trigrniiiinl. Tills b. |ifrlia[m. Im par laut. bccKUte vrn know that frotn thu por- 
tion uf tk» triyvminiiK a» dertrnl th« tmnutty llbcn fur tli« I*«l>. 

At precisely the place where the facialifl makes its exit from the brain 
there entera in a Ihtn, delicate nerre-tmnk, tJiat has accompanied Ilie p<s 
ripheral course of the facial. It is the portio intermtJia Wrisbergi. 

Ihicnl fir*! (liiw-oTpri-il that it ariRp* frani III« «op«rh>r end o( the gloun-|iliBr7n- 
g**\ nuclcui iKöIlikff Nif« from tlie nurl«u* of the huuiuuliu HtUtariiu), and 1*. 
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Pfg. 2<t.— Sohcnwi <4 the ««ntnU pnlfa of th« nenu» IwUI» ■■»•I ii«r«tu nMuocd». 



iUflia Mid Ilii corroborate tlii». Tb« latter wer« nltlo to tlenrautml« in the en- 
brfo that llben grow into tli« bnün (rom ih« gaiigtiou gvnicull nerrl bcfaUU. 

The ganglion gpnicuti — besides being principally n sympathetic gan- 
giioQ (L<>nlioe»t>k) — te then the nut.'lcus of origin of the portio intcnncdia, 
while the anterior portion of the fasciculus EoHtarlus is its central nucleTW. 

Th« roof* <>/ Iha aMueeM arrive by M-vcral extendeil bundle», which pua 
through the tegmentum and the pone, at the hose of the pon^ t>xtcmallT. 
On the mi^dian side the nnoleus is connecli-d nnth the [mnlnrior loniritiulinal 
bundle. It is claimed, though not ut-il prove«], that the*e filter» higher up 
enter the opposite motor-oculi nenc. Without doubt, however, there is « 
reinnrknble connection betww» the aMucena nueieu» and tbr siiperior oUve. 
This connecting tract, which is shown in Fig IMS parallel to the root of the 
facial, most plac« the acufticus in connection with the motor ner^'c* to the 
eyes, and tft, perhaps, of importance for the maintenance of po&ition in space. 
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Before ascending farther it will b« well again to coneidcr tlie aboTe- 
mcntioned, Itiit nut particiilsriy described, t^giu^ntal region, and to learn its 
position and i«lationä in lliis levL'L Ouc foaturt', the nuclvug reticulam teg- 
in«iiti, which lie» with the Ghers of th« auliataulia relicutaria scattered over 
the region between tlic rapliC- and tht- faciali* root, is not includi-J in th 
illustration)!, in order to prcscrTi; tlmir clenrnesis. It is to bü found, how-j 
«Ter, in all the sectioUE tbua far coneidt-rcd. 

The accompanying Fig. 850 follows the sections just described, and ii 
to demonstrate how the facialis turns about after eoiiFsing a short distanoal 
ventrallj, and how the direct sensorj cerebellar tract now paeac« upward 
into the cerebellum. 
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Fig. 260. — 8«cli<»n nt the place »bcro lli« ininr divimon ol the corpai 
nstifonae merg«» Into tli« cer«l>eUuRi. 



In the cerebellum are to he seen in this level the peduncles cuuung 
from in front. 

When llioacuflticas, the faciali«. and the ahdneens leave the lepmentiim, 
the croSBH^ection appearit naturally much more atmplo. 

We come to the piece of entrance of the nervu» trigeminus, and first the 
motor niiclcus of the trigeminal appenn in the continuation of the nucleus 
facialifl, though somewhat more dorsal. From it arises, alte by a slight 
*tnee," the motor root, the portio minor, supplying the mnselee of maatit-a- 
lion. Probably there para with it Qbere coming Irom the opposite motor 
nucleus, which cross over the raph^ 

With the motor trigeminus, courae, also, fibera from the pons, which 
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arise, not in the motor nucleus, but high up in Xhc quadrigeininal rcjiion, 
where latcrHlly fnim the aquaHiuotua Sylvii <in Fir. 199 aboTc to the left) 
«csttered ganglion-cvUn ^i\v rim; to th« radis mesenctphahra $urri trigrmitii. 
These eelU continue (lownwaril alwin-n in the Inieml wnll of ihe ennal, luid 
one cuu dftift a luure cMtiMih^niliU- collection of them through thr lUln 
VL'utriculur cpi-ndyniH, (nnning a riark hunch on either side at the beglDOtng 
of the fourth ventnelf. It if tticrc vailed the hetu «vruJeiu, 

Tlio nuvlru« af the inolor ticrviM «t inaclioHlivii i> iiiaiic up mucli the win« m 
Ibc DthvT ntnlni orntpn in thp ■(linnl roid. Ijitpljr. bowevFr. S. KamOD y Cajal lus 
diseovcnd in it a pcpultdr »rninjtrRipnt. Th» root ttom llic luidlrmin, i-cming front 
ikr Urgv, anrilMl n-IU bcouikI the iKgiiMiuct. ffivoe off to thi^ l*n!* motor nuiiB 
niK'tpti* a grml niiitilivf (>( cxtn'tiiH} flno ■■ollXfrals. Kavh wit thn« is sarruundMl 
liy A vwy Ihii-k nrt of »well flbriU. The iJi»«iT«rtw o{ tliis tcmnrtciihlr nrmtiyrmcnt 
i* (if ibr opinion that it i> pnwlilif by thcar collmtcrats («r n relulively vi«ak itnpul*», 
origfiwUng in Itw hifthrr iitK-lru», to bo truuiormnd in tli« nnin. or low«r, nuct^iia 
to K poncrfol atimulutb Tlii' InrjCL- motor orlk miftht Iw, a> it ncn-, Isdrn. knil at 
Limn Hiinulunpoiial^- diwliRrgnl, tnin^nng alwuL tbe atrragtti and the co-ordlaation o( 
thp a«t of inacUcntlon. 



The trutin portion of the nfrvuii trigeminv», the Rensoir, ariMs, nithnut 
doulit, from the celU of the Gseserian ganglion, who»e peripherally directed 
brancli forms the m>rt-e, ju»t a« in the spinal ganglton-celle, while a thick 
"root" running centrally enters the pons. It penelrafes tliig and di^ipiiears, 
to o ainull cxieul, in the uacteus there situated {strtwiy tri^tmittal nufkut). 

As the 6Wr8 enter the ddcIcus the majoritr of them epiit into ft 
deticat« ascending 1>rnnoh and a dcwending one. The former terminate 
MK»» in the jwrt of Ihe nucleuF al>nve where the fiher enter«, forming 
a delicate arborization; the latter lenninates more gmtlunlly, giving off 
large nuiiilitini of collateral«, and tlie nucleus in which this nccur«, the caudal 
continuation of th« niiclem just mentioned, ix nnu8ually long and extends, 
«8 the nvcleua lermitutlu tifrri tri^imtini, as fur downwun^l ah the cervical 
eord. Tbrougliout it« eitenl it i» ac-companied by the mae« of trigeminal 
fibcra, natarollr groring contiDually thinner. Their croa&-6oction i» H.-<>n 
in all the wries from the cervical con! up, m a «lender, creenentic bundle. 
'lliia traetua bulhospinalis ttervi Iriiftmini \h in clnfe proximity to the long, 
TltreD»6 rotumn of the nucletiB, ait far an the pnnterior horn of the evrvical 
conl, and tlu'n; Onally vaniehc«. 

In l''ig. 25t is shown a nchcuuitic representation of the tract» of th« 
««parate trigeminal DMvtit. JMiuiy uf the detail» included are after prepara- 
lioDs by Itamön y Cajol. 

From the long bulbar nucleus of the wnsory portion of the trigeminus 
aiisoe the ttfendartf irigminal liwl. Severul year« ago, bawd on inventiga- 
tiot» in comparatiTe anatomy, it wag demuustrnted that ther« le a decua- 
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ating path reaching upvard fTom the bulbar trigeminal nacleus. The 
fiWr.«. which Lhruughniit its extent leove urn iiucIl-iib and croes over the 
median line, havü since tlien bwn frequvntiv ewn: but only Utely Wallen- 
berg succeetlcd in niakinj; a soctinn of them and (lemoimlrating where tfav 
central path o( the trigeminus Hi-a in thu brain nnd wheru it end«. Hi* 
exarainatioBS were made on rabbits. It vaa se^a that the degenerated path. 
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Pig. £52.— fic^tien «1 lb» pbuw wh«» LItit ucMwling tngomiwl root tHiiM 
■nmnd rxii-iiwll}-. Trlgriutiiiil rooU. Mr. am». Ctrtbeitartahn, Din-ci KOBory 
nrahcllur Iran. Cinlr. }. /{a*(i, ConltHl inurt of Attli DOT«. Ctnlr, It. B., 



sppi-flrin; after Bcperation of th« bulbar nucleus, vas vitbin the great HW- 

ciation-ftfid in the lower bulbar «ctions, close under the hypogloeeal 
noclene,-on the opposite eidc to thf Iwion, an«! waa connect«! with it by 
long, curved Übers. Highvr up one flnds it gradnnltj taking a more lateral 
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position and Bomowlmt ventral to th« posterior longitudiiial bundle. In 
man one finds in f tie gaiuc placi- im iu rnljl)!!» il Ur;^L> number o( transwKely- 
divided fibers (Fig. 201, a). Bui tlii* dumoustnition by tiie dt'gcueration- 
metliod is waoliiig tu show their t-onriw-tioa with the trigeminus. Compare, 
also, ihi- trn-u in Fi;?. 199, niurkLNl ''aus TJtalamu*.'' In tlic midbrain ouc 
finds tbf cvntntl frigcntiiial piilh lutcnü to the dt-KTcndinic: fibcrB of Lhu pos- 
terior commissure, and ihcy may be finally traced, according to Wallenborg, 
into the vi>nirnl uucleug of tb« ibalantus, where it approaches the upper 
filiot, or its end -station. 

S. Ramon y C'aJHl distovered the name path iiidejiendeiilly of Wallen- 
berg, &1 least iu itit jilace of origin, and lia» giwn us an •.■ihaiistive deiicriji- 
tioii of the stnu-tiirL- of its bulbar nuclciut. This contains a multitude nf 
conepicuuus niultipolur ci;!l«. .Around these peripherally arborize the fibers 
of Uie trigeminal root, and from thcfie tvIU arise the «xts-cylinders of Ihe 
central tnitt. Ot those the majority pass over to the other side, aa stated 
above, and there «itcnd upward ae the moat dorsal btindle of the substantift 
reticiilariü, a smaller numhcr, however, aeeording to R. y Cajal, remaining 
on tlie HUme äidü. There h here a tMinlriidietion lo Ihe n^i^ults fumishtHi by 
the degeneration-method of experim^ent. 

From Ihe central trigeminal path isiiue numerouK eollflterals to the facial 
nucleus, furnishing the sensory- motor refles-are for the face. Section of 
the trigeminus is. tliercfoit*, accompauied by not inconeiderablc motor dis- 
turbances in the face, due- to the Urn at the senary control. 

The main branch of the liftti, wlierc it outers the pons oear the motor 
Ducleus, is called the p'trlia majttr. In this portio major Irigemini are in- 
cluded also the fibers of the direct sensory tract descending from the cere- 
bellum. 

From the exit of the fifth up lo the exit of the trochlearis the pontile 
tegmentum presents a relatively more simple strtieture than that we have 
learned lower down. In the last section demonstrated the corpus reeti- 
forme began to separate from the great mai^ uf the cerebellum. It leaves it 
entirely now and approacia'» on cKIkt side laterally to the tegmeatum, tbils 
forming its outermost boundary in the dorsal area. 

The lateral boundary further ventral, just over the pontile fibers, la 
formed liy the Itmnüu'vg, and more especially by that part of it coming 
from the cell-bodies of the sensory nerves, is distinguished as the lateral or 
inferior lemniscus, as difl'ereiitialed from the median portion, which cornea 
mostly from the nuclei of (lie posterior columns of the cord. The frontal 
portion of the it'j.'m"ilum i" imliwldt-d in the lemnitciis fibers, asin a trough 
(Fig. 253). The borixuntal part of this trough belongs mainly to the median 
IcmaiK'us. It separateR iu wide extent the tegnieutal fibers from the al- 
reody ntuncroua fibers of the crura in the region of Ibc poDs. And so arises 
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igsii) tbe picture o1 the qnadrigvniina) rngion, alread}' mnsidered, and it 
remaiiui so on iipvnrd. 

The meiltan ßllct extend« at first in the lemniHcal layer upward, and 
ßnallr arrives, as has be«n described, frontal to the corpora quadrigemina in 
the area ventral to the thalamus^ where it ends in the Tentral nuclens of the 
thalamus. 

The lateral ßltet — which contains besides the acustieus-flbera, all the 
fibers from the deep hulbar nuclei of the «ensory nerves to tbe roof of the 
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Vig. 253. — ScKtiiia Ihrousli llio uiiyrt nifion of Ih» pona. in a oiim-mnntk»' 
tnn». Ainrfmr«. Anterior ptvlnncU nt cerctN^llnni. llinl. Lümf^lüiulrl, PoaU 
loogiludinal turitnituk SeAkife, Fillet. Brücke, INmm. 



uie»^nci?phalon — in the Ivvt-le nlinre the exit of the trigeminal turnfl out ot 
thi' lomni8cU8 lavor dorsally, and extend» on the exlemnl »ide of the pontile 
tcgiDcnttitn, diasonollv iipvtrd to tlir cor]>ora quadrificmina. ander which 
it diMippcflrv. Et« wt'll-markeil ImtuI is Piuily reco^fnixable lalfnillv iti tbe 
uninjured (vrebrnl «xi». Whi're th«' tSIIel tiirufi dnrwiIW «re found its ijan- 
glion-cel)« imlMtldod (lateral ItmnUoil nuchim, Oltemt einer). This group 
ma; be tracetl anteriorly aa far as the nuperior nucJeuM of tko f«inniirui, 
situated on the outer edge of the aubatantia nigra. 
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KlM-lmig iinil Kikel hev« proreil that tli« median fillet ends in th« nui^le) o( Ih» 
[Kwti-rior culuinn» of tlic- cord, llicj- considcr the wtiole huntilr dirtrt from Die 
ti>T«'bru»i as llio rwtlmf ftltel. ll hfti alromly bwii «lutMl thul tin- (-i-rebwl irat'l, 
here oom-cnicil, ciidu in tliv rtLlrul ttialnnik iiucleua, and lliat ÜtvTS tlic meduui. or 
iuprrior, filli-l iiri»'». 

Bo wc have iLiiuniituil Chen to nil tlti> ttcnanrj- bullmr nuclei. The lem- 
niacua contain«, thenfun, the SKondary aenaory fibers, and eifiuiuflf them up- 
ward to Ike meseiirfpfiahn and iht thalamus. Monakow succeeded in demon- 
stroting the exjiyriiiu'iitat proof of this at the eame time thai the author 
called attention to it from comparative anatomv. In Mpcrimental pro- 
diietioii of degeiieration the fillet may, indeed. In» i^e{)unitefl into its variotu 
buadluu {or (he dilTereiit nerve«, trigeminus, anwtien«, etc?. 

Id the same horizontal level as the lillet, dnriial to the i>on», one finds, 
ne«r thr median line, another hiindle of thick fibers. U come« from the 
l».vnmn(lal region of the crura. It hau alrenriy been phown how it separates 
there, and, passing aronnd the entire cms internally, reaches the median 
side 'it the fillet, Spitzka, from comparative anatoray, has made it eoem 
probable that lhi.-i biindlf contains the central paths nf the motor crantaL 
nerves. As a matter of fact, one e&n convince himsi^lf that from it fibers 
aacettd continually toward the raphe, and can sei» on the dorsal end of the 
raphe (ibers crossing over the median line to the nuclei, at least to that of the 
hypoglossus. 

We arrire now j^diially in the region of [he non». wliere the roof of 
the nietenoe|ihalou in no longer fonued by liio (.'erebfllum, bnt rather by 
the vehmi medulläre anticum. Here tlie fourth veniriclu bv^na to narrow 
down into the aquteductu« Sylvii. 

The i^inplo component paris of the togroentiim in this level appear dis- 
tinctly in th« acconipunying', not schematic, traosverae section tlirough the 
nppermoBl portion of the pons in a teiu» of nine niontli^. In Ihe ems at this 
time there is bnt a small binidle of medullatc'd liber«. In ihe Ivgmentum, 
however, the lemuiseus, the brachium (superior cerebellar peduncle), the 
poeterior longitudinal fusLiculus, and many liber« uf the subrfantia reticu- 
laris an- compU'tcly dt-vulopcd. The bnicbium pus«« direi^tly into the 
velum medulläre anticum, on which rceta the anterior port nf the lingula. 
Below, above the lemniscus, can be ««en the hindmost fibers of the brachia 
crowing. 

The deseending trigeminal root lies on either side of the aqueduct as a 
thin liitmlle of llburK. ^Trdiati to i1, undemeatli the floor of the fourth ven- 
tricle or the anterior portion of Ihe »iiuis rhomboidalia, must be imagined 
the cells of the locus eieruleus, which were not distinct in the preparation 
copii'd. The substantia n-ticuIariN hi-re consicl!' principally of bmgituiliual 
fiber», which can be (ollowwl upward only as high »s the anterior qiiadri- 
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geminal bodies. Near the middle line on either side lies the fascicnlns 
longitudinalis posterior. From this point on to the quadrigemioal region 
there are no important changes in the appearance of the crc^s-section of tho 
tegmentum. The fillet extends dorsally on the outer side. The brachia 
retreat toward each other, and finally decussate higher up. 

The fibers of the cms, and those of the pons passing through it, have 
been considered. It remains still to be said that in the superior levels of the 
pons there is a system of fibers which becomes mcdullated shortly before 
birth, rising out of the pontile fibers through the raph^, and then emitting 
its fibers right and left in the substantia reticularis of the tegmentum. 
According to Bechterew, these fibers end in the foremost part of the nucleus 
reticularis. 

(innp)ia, similar to those of the pons, are scattered on both sides of the 
raphe, and in it as far upward as the tegmentum. 



CHAPTER XSV. 

Thk preceding ctinpter treats of the tegmentum, in cooiinuatioQ of the 
subject of Uiu bightli cbai)ter. 

A i«w miUim«!«» anterior to th« Ifiet-describcd sections lb« fibers of 
the eruB cerebri appcur out of Ihc pong, nnA *rtpaci to the corobnim 03 the pes 
ppdutipuli. In tlie mcdultn oblongnlathc pyramids forme«) the R^ingle fnetor 
in the foTomtioD ni the cms; but from the pontile gnnglia are developed the 
thick tracts, which extend in the median and lateral dirisione of the cms 
upward to th« temporal tube and Lu llie frontal and j>arietal cortex. 
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Tlirra M<cli»R« tlimtifih Üiv prm* and furimru qitiiiln|i:Mniiui of 11 newborn 
chUd, demotiat rating Ihe courw of Ui* cvreMUr [)edunolei and thi< I«miii*eui. 
The InLUr lia closelj ahovo t1i<> pontile Rhtn: the pcdundrs (ß. Tig. 254) 
■ppcnr (nrtber inteniul in i'ig. iüi. oiiii thrlr dcuiUMtluii brffinx, nnd in Fig. 
S54 i« »t it« xi*i*tvAU Utpmntoxf lin f>t«in. 



There appears at thia level in Ihe crura, between the tefjmentum and 
the cmsta. and eepanting them, the substantia nigra. 

The peduncles of the tegmentum are lost in the red nucleus. In the 
place of the Telum medulläre enticum the corpora quadrigcmina form the 
roof. 

A few schematic representations may elucidate the manner of transi- 
tion from the pons to tbi> midbrain. 

(Wl) 
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'J'hi> Mill ])l iiiiu appearing in uJTcciionB of thv pons and oblongata form, 
in their »ürioiw p-oupinfr», tlic pnyofs of thu aiifti«mical n-Uiions, herein 
(IcM-nltL-d- 

Ib & mml) oompAU mn\ collMtml tttn th« itiatit iniportunl ]müt% for tk» inovo- 
inenU »I tlio builv iiiiimIcii, fur -fiiHution, fur the movrnimtB in «[ktcIi, fur tliuM 
Rtnrenif«! in ik-gliitJUitn, «-lo. A k'flton n«MU not to t* vtrj- Ut|^ li*« to prodUM 
tbr niniit Tanrit ryxofUimt. 

Tbe («ntrul moliir am) Miixiry liacta, nriniiif tii tlit- ivtrbnU nurlcx, in Ui« 
th«lanM'rir<^alon and me<H>iiiw>phalon. cYlfinl tliroiif;)) llie ymRt «n<l oblongata, ^*- 
iittc *>>r tliiTi: tinlj- iiiK'b IIIm-th h* )huib U> tlie ddcIm of tlir rmnUI nervr» 

8iu<w liiUrrruplluii to ltin«e luof tncln produces ihf iuirm> (;,-mpUHTU. no maUer 
If it «mur IB Üi<> fiirnbroin, iutill»r«in, or iiiln'-lirmin. — nmiii'lt, Hiui-all»«u or [uirAljr- 
•l* VII tlM< a|ijioiiif »Mr, — il i» iininirtHiit lo n-nuirk tliut mir tauy tmly au*- 
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I'itf. £37.~i'(witiuii uf Uk iiui'trl u( Llii* rnuUnt uirrvoL llic ubiuii),'«!» an 
poH \<f> It« iiiiasinod n« trumfatvnl. TUc imdri of nrigin (nifliurt, black; tl 
niidDUclcl («Mianrj-l, rrd. 



{tact II Wiuti (if I III- M-naory or nmtnr palhs tn lliv Jmkm oAtoniNila whca *lmlillalll^ 
widy ttirm arp prMviit avupluiM whirti Indimt« Üiat cm« or more vraatal n*r*fr 
nurtrl an* iiivolvnl. 

>InM-uUr alniphj. which apjiMt« oiily In aflnrtiuB* of iIh* nuclm, iau«t \m oir»- 
lullj' «vtl|[hl. H it n<quirTf to tomlc llip placv mad rxicnl ot iiut'h an «(Tn-lion. Fi(. 
S5T, r^pmH-iil in;i tlir piMitiiia nl t.hi> niiHfd In a longtlutllnal «ectlrai uf iti« (t]>1on)(»U, 
tarilital» in Mirk iM-nliTiilion ralhrr more Ihaii llir iirwrding rm» wviiim. 

Sgimti, mtpknUuii, anil lin-lutiltua vilt be probably dialurbol lir na aflacUoa 
of Ihr ohUaijiBla: iwralj'ata of Duatlnlititi inulor (mlH of the trifcminaJl. at ÜM 
bclal, ur of tkv «bdur«««. by on* ol th« [lotu. 

Uut »incr llit tonlrnl llhiT« KoinjC **> ^^'* mnWn of tlte oblongnLa poM tJirooch 
th« pooa, affivllaB* of 1)ii> latlsr may ottvainnally prnvnhi< Imublo uf ilrgimiliim. He. 

TWn niotiir pitiM tu lite fxtmnitJM Ik vontral in tho pymniidi, and do aol 
pt» orcr lu tbr utbrr alila until DiDrh lBt«t. )uu abovi- lb« uplnal roriL llic nuiliir 
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fltMn for tlin rmnii)) nin-m, liow^v^r, 11« nenr thi> medUn lio». ascend in t-be nph4 
of t&e tcgiiieiituKi, anil crom »vcr in proximity to their TrtjwUvc nudic«. 

A di sen 60- focus in the pons »III nfleti. iK-c-ordingty. In tht nujorlty of caw«, 
'the oppo«it« «xliviuitie«, but Uio lAvia.1, abdureii», oi; Uiijciuiniil of tli« Mmu tiiv lu 

Fig. SÖ8 may sbow better timn wordi tliis moat important dyni[>U>m of many 
Icffioi» of Ute pon« ntid ninhilln, vik.: <Tos«ed paralysis. It reprcecnU the niutor 
supply to lli»^ nt'TtM uf til« tut'i' mid i-xtri'tuitii-H. II uill he lut'ii Uint « iMiinn at 
A in tJie cctpUruin, or in lliv tt);!il ptrn rer«bri, \vi>iil<l [iHralyw tlie ]«fl fitcinl mul lit« 
Ml extivniitim ; but thnt mir ut Jt, in thp ((-rrlioiy uf'tJiP puiM on the ii)(ht »ide, 
would pai-Hlyz« the left cslT«mUiM an before, but may affeet the riglit facial; ugain, 
that fuch a i(Mion extending »lightly orcr llio middle lino might rrnder both facials 
and thtf cxtrntiitim of uiie lidc lii>l|iltwi. It ujll «Ihh be wro tbat a It-iioii in ibB 
pfwiB at f tiJuy nlloi'l the fib«* guiiig to tbc o])p<>'it>r side of (be tnve «t wdl ■• 
UitKu- lu the uji|io«itf r\lirmitic«, not pmdudng no iill«rnating liciniiilcgin, hul » 
direct one. Just ni If ailuatod Iilyliur In the eeivbnim. CtubiumI lii-tidpleftla imk only 
■ be produicd, txi-ept wlie« Ibcre aie several l«eioaa picMrnt, by utTectiou« o( the 
pona iir by ItiniarK, i-itr.. kiratnil vcntrnllr to lb« [vmi>, dt-atniyiiip tlx' craiiinl ni'rvin« 
in their periphery and the pyramidal traet«. Since, beeidw tbc fncinl, the nuclei of 
tlic MXlli nnd fifth nerves lie in the ponx. it fuIlaa-B that they also may pnrlnkc in 
the vari<^l funnH of panilyoU inilucjvl by [>oritili> Icüini». The behavior uf lliv acuftttc-ua 
:.ili this i«natH;tii>u is uul clearly uuiletstood. 

1*bn>i);;b thf |ioiih hImj Ui<'r<> ]iuiui tlbcra lu tbi- nuclei (rf Ui« nblocißHta. «rliii'U 
^preside over the muscle« ennoonied in spiv-vb. In this vtny, witli sfTedionit o( the 
Ipona nnil bulb, there arise at titnei disturbances of ipercb. while the \nivicr u( speedi 
I remains intact- This «ymjitoin i« called, uemrding tu iia soverit^*, dyvartbria. or 
f ftoartlirin. 

Lesions in the trginentuiii of the pons and tbc biiHi Timy iilw) lead tn disturb- 
auces ot scna^tlon. Vic huvf tcumq to bellvvu that the itnlrul M-niury patha lie in 
tlui leauiiacua, and tliat tlie median ftlk-t Mprrially cunlatue Ukhut Sbera which serve 
thn very impnrtant «lalie «■uMlinn. A('<-i>rdin(;1y, altrr intrrrnption of Die inlvr- 
olii*ti(y trnct in tlie nb1vii|{ulu liifbt dioturbniici^v uf Dip iiiii>('ijlur -triiife ure <>b-*prvvd. 
But later clinical inveMtgnttoOf ninke it nppetir probable tbni. lit Ien*t in the hiilb. the 
'trarla fur ruluiicutii tiutilu m-it^uliuu du not lie In llit^ median portion, but iH-iiiii^ 
to tbe long tracts, lying external I« the interolivary tract, lu the pon«. alwi latciully 
located lesions iiiny produce cT<«m'd «ennory djiturbnncm. II ll»- lixiioii be «oiiie- 
Wbere in tin- tt-gnit-ntwin of the tiulb nr [ton*, il afTeota not only thoftc central trad«, 
which paaa lu uucki ul the 0|>pi>scd side, but also the peripberal parts of many «en- 
nrjr aerv««. Fi>r instAne«, a l««on lo»tM laterally in ttie oblongata may pncminter 
on tbc right «idc tlie atccndins tri^niinal root, uiul the crowacd •ennory tractSi re- 
■ultlnft it) right-«ided faeiiil jnd left-Miled body anK-sthe^ia. 

G«nemlly a »inglo fnciu doc« not ilcslroy all the cvnlrnl and peripheral aeniuiry 
trtcta; heiici- ocra^iirna no such cc>iiiplcte be mi anesthesia ut occurs i«iib di»«ase of 
the eenlrum o^-nle. One or uiiolbrr nerve remains unually fm>. Tlii» Ik e9|iepially 
true of tbr tji'tr tract« and of the niiditory tracts, in wbirh complete intmpoalile 
inlGTrupliini to the c<»ulucliuf; pallia baa Ivecn «elduni kuoM». 

If u Itaion, TPlalively Inrtce. Is located anynKere near the nirdinn line, tbef« 
may result nalnrally double hrni>amnilhe»ia : at all evenla, a rare occurrence. 

nilJicoHiei' ot niixttcalion nnd o! defflulition ore obserce4 since the motor tri* 
geniiiiul. Ibc glo«au-pharyn)|c«l, and bypuglosaal nuclei are easily InTolvcd. 
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. ^loaeo-ithftrynn««! nuol«, hoarsen««, Aphoiilft, and tcepimtory iruulik« ''*'.._ 
prinnpnlly tin\y in Ifsions of tlie oblon^ln. S perch- iliffii-ullieii—dyaarthra, 
arthria inuolmu uvrvi liypogltiMi) — and vireututury diaturbnnce« m^ur ako mon 
oft«ii ill ntkL'tiuui of tlic olilanKHtti. 

N#ariy all tliwi* ■yiiiptuiiis v*n, in nil» «wn, W cans«! by trauklea of the 
KTcbruni, Bini'C Imioii of the central ooun« u( tha.- rraninl »ervivlilwn leads to parnljr* 
Bis the MHip a» that of the nuclei or the pcrip1i«Titl n^vis (bcnuvlvi-n. ParulyaJa ol 
the riiriuu* uiuM-IrK unjipliiil by ritv«-* fi-rini tlic bulb mu imly ullli certainly ba 
referred tu a Nsiuii iii lliv oblongata, wh«ii uccunipniiicd by uiu»cular atTOfilty and 
when deiitTU<.-ti«n of tti« mpMtive nerve-trunk »fl«T its exit from tlic central axis 
can be «xtluded. 

In Üic ['tttencK of caaes nhldi, Üirough a comliination of Byin]>toins, — parUcI- 
pnUoii iif widely- ■ II rrad tmnta HiiJ only rrrtuin cmnial ucrvea, Bltnruatbig annsnrf 
or niutor Bynif'toiim, — nUjgccat that tUc ksiuii uiiisl Iw iii tlie oldongata or the poD), 
it Mill be »en-iccablv tu study the iltUHtratians givro abovr, to determine nhclher 
ÜMTC U any plnit! «ho>c dtitr union might i-uiisn all tbt Hyinptotna. Id tliim «ny it 
will be inioaible in iiiaiiy »M« to del«riuiu« fairly «xactly tbe luvaUun aud aiie of 
the iMion. It should not he forgnltet], lii>«ev-i>r. to ccnuidcr the basal aspect of tb« 
brain, a» ttwrc di*cM«'f>n>(«MM nmr prodiit« pnaatir« on tbe longer tract» a« wcU u 
dt-structiou of Uie nerrc-trimki. 

With this we have praciirjiHy finish«*! our task. A large number of im- 
portfliit fiber-srstent^ have been xtudit^ in ihcir relations to the central gray 
Boaaaes, and in Ihoir course from the cerebrum to near the end ol the mid- 
bmin, or from the spinal vuid upwanl to about ibnt point. But it may be 
of OJEiHtancc to consider curtain ones again briell y in their intcrTclitionehipj» 
bocouw they arc of particular interest physiologically nud patholi>gicaUy, or 
because the general view of their relatione to each other vtts impeded by the 
interruption, after (.'hapter XN, of the series of investigation, dno to didactic 
interest«. 

The following i«,^theu, in tbe natitre of a repetition: a nhort tepreseuta- 
tion to be used wilb the illuslnilion«; — 

1. The motor nenres are the euntiniiiitions of the ax is-cy lindere of the 
great gangliwn-<vlU in the motor nuclei of the RpinnI cord »nd brain. 
Around thcK- ganglion-cells iirbimzc the terminnls of the central motor 
patli«. These run, at least to a large extent, in the pjiamidal tract«. 

S. The pyramidal tracts, the most impuriant of the motor paths, arise 
from the upper twu-thirdü of lite central eunrolutions and the paracontral 
lobuie and extend downward to a place juüt liehind the knee of the internal 
capHul«. From there they enter the jip,* cerebri, occupying its middle third. 
Bcluw this, in the pons, their tibers are but little Rcpanited by tranaveiao 
fibcns. When they emi;rge from the pnnB their fibers form tiro jai^ bundle« 
in Ihc ventral portion of the medulla oblongata. So they descend to tha 
•pinal cord, where the larger portion of their fibers erowee oTcr to the latenl'l 
column, while a fimaller portion (anterior pyramid) remains on the same side. 
Both tract« enter into rehiliuiuhi)i with the cells of the anterior hom of the 
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aide apposite to tlie ori^n of titu pyramids in the- cniti'x, by raenns of col- 
Iltcnlfi. From llio cAk in the anterior luirn^ arise the motor root«. 

3. the «entnü p«th for the motor cnnltl Derre« m Mtvr knovn Cor 
the facial and h^'iwgln'wal. 

'Hk* facial tract nriü» in thv region of the lower tbinl of the epntral 
convohitiumi, probnhljr oulj for it« loner bmuchw, tin- iiouree of the fnmtal 
part of it bcinj; nnknown (gyniB aogiiUris?): exteiiilB from there inword 
traomiTH-lr over the Ducleii9 lenlifonoifl. anil arrives vt-r}' close to the py- 
ramidal tmct in the internal capeiile. At any rale, in the pes cerebri it is 
clinjcfllly Dot dirtingtiii>hablD frotu thi- pyramid. It& fibers then Ivare the 
general motor traru jmibalily wirh the Tamiliarly called "bundle from the 
criista to the tegmentum." CVrtnin it ii, that in the pons it \» separated 
from the other motor pathti (mh* V\^. tTtH). Ilnv it michi'« thi* nueluu« ia 
aa yet udIchovti. But it finally nrrirefi at the rro«M>d fsrial nticleii» in the 
inferior portion of tlic pun». From this ariM-« the nerve. 

Id the iQoat ventral part of the anterior rentral convolution probably 
li« th« oortieal ar»-» for the h^fOi)h*iiuit. From this region. a( least, thrrc 
passes downward a bundle, ventrally to the facial faaciciilu», vrhose iolorrnp- 
Uon has caused at time^ hilaleral hypofilosAat dislnrbanm. As it estenda 
from the eortes I« llie cajMitila intemii it |ui»ie« ovi-r the uppiT edfje i»f the 
nurlviiK lentiformia, nnd murt lie in rloM> proximity to ttie )i[)eei'h-t]l>rni jitxt 
external to tJie beginning of the tail of the caudate nurleua. In a com 
obnervnl by the writer, n fncnl tecion nf about tbe mzv and tbirkntwi of a 
dime inti:rruptu<] both Imcle at thix pla«-. In the ca[ffiule Ihr bypoglowal 
fibers probably run between those of the facial and thoae for the extrcmilie*. 
Within the poDü it« fiIxT# mHp>l be wpornted ffm (be pyramid, «nd probably 
paitfi in the abovo-namefl bundle median t» the fillet, jipeieriorly and upward 
in the raphi. It jtrin« theoppnttite nucleuK (and that of the Mme side?) after 
reaching the oblongaln, and from the nuelvus aria« the nerve. 

4. The motor ipeech-traot. Of thi» we know cerlainly but few facta: 
tbe f'tartin^'-j'i^inl in tlie lowt-r fnintal ctin volution, the tcrniitiatiuo in tbe 
Duclci of the fa<:ial and hypugbwoal, and an iutenoediate point, lying exter- 
nal lo the tail <ii thp caudate niu-leu*. Pr'>I>aMy (Wcni iotcc) thi* tract ex- 
tendif from BnM'a's tonvoliitiori — ihe inferior fr^mtnl — «iniewlint internally 
and in a nearly boriaontal dirmtiou doraal to the cnji^iila externa, under 
cover of the inKutn It« flbent then arrive in the [lortion of the internal 
capsule |M>iiteri<ir to tbe general motor path» and then in Ihe pea cerebri. In 
the pom they raunt rine gradually out of the cnista and into the tegmentum. 
In all of them pliirea mentioned discaHo |iniduee« diaordon of »|>evcfa. 



Kv«t7 motor iwrr» th*n ariw* fn a uaHeu« In Ik« «vnlral Mtfan. Tliv nmrt 
and IIa ourlru« fonn \kr At»! itivÜMMi nf the path: to llie nnclru« Uii-ra (-xtcnds 
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from the cortex of the cerebrum the converging pyramidal flberH, as the second 
division of the chain: nerve, nucleus — pyramidal tract, cortex. 

Aa long as the first division remains intact, the corresponding muaotes may be 
made to contract by electric, mechanical, and rcHex irritation in animals, even also 
to & certain degree by voluntary impulse; if nerve or nucleus be destroyed, how- 
ever, positive paralysis results. 

To a complete voluntary ability it is necessary that both divisions be sound; 
indeed, with the highly developed brain of man when the second division is inter- 
rupted there is no movement possible as a result of tlie will. When one suffers a 
stroke of apoplexy with tearing of the internal capsule, the muscles of the opposite 
side of the body are not really paralyzed; they can no longer be brought into con- 
traction by the will, but may by other means. It is different when in infantile 
spinal paralysis, for example, a. nucleus itself is destroyed; then follows a real 
paralysis, which, generally irreparable, leads to atrophy, ami reacts but little to 
reflex or other stimulation. It makes a great difference a» to the prospect of the 
recovery of function whether the cerebral tract be interrupted or some place lower 
down. 



5. The coronal fibers to the pons arise from the cortex ccrpl)n, espe- 
cially the temporo-occipital lobe; perhaps also from the frontal lobe. They 
extend through the internal c-apsiile to the frusta of the pes and then to 
the pons. Experiments made by the degeneration method show that they 
extend no farther tlian to groups of ganglion-cells there found. But to 
these same groups one can trace fibers coming from the opposite half of the 
eerehellum (cerebellar peduncles). 

6. The aensoiy nerves arise from cells in the spinal ganglia. At least in 
vertebrates no other origin has boon demon stnited for them. Since we know, 
hnwevtT, that the optic an<l olfaclorv nerves conliiiu libers which, arising 
from senso-epitheliuni. pass centrally; since, further, it lias been shown 
in invertebrates that liiere are fibers arising out of epidermal sense-epithe- 
lium, it were not impossible that there siiould be fibers in sensory nerves 
which originated in the periphery. The ])rocess of secondary degeneration 
after section of tho nerve speaks against this supjiosition. 

From the cells of the spinal ganglia arises a second tract: the spinal 
root, which enters into the cord. A part of the root .splits uj) in the pos- 
terior horns, or, it may be, in the nuclei of the cranial sensory nerves, arbor- 
izing around cells (distal nuclei of the sensory nerves). 

Another portion first courses a distance in llic central organ, either 
upward, as the s])inal nerve-fibers of the posterior cohiuins, or downward, aa 
many roots of the cranial sensory nerves, before it end.s in distal nuclei. 

From tho colls of these nuclei arises the trulral aeiisory tmrl, or Ihe tract 
of second order. It arrives cither at the level of the entrance of the root 
into the central axis, or higher up. always in the territory of the decussated 
lemniscus. But it extends toward the cerebrum with the lemniscus. 

7. We do not vet kmiw the cells of ori'^in nor the terminations of 
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the Bcneorj- paths of second and higher order. Those of higher order lie 
in the median fillet from the thalamns, and in the literal fillet or the 
fillet of the corpora qoadrigemina. 

The fibers, arising iu the nuclei of the posterior columns, perhaps also 
those arising in the nuclei of the spinal cord, extend in the median line 
within the lemniscus tract upward, and terminate in the ventral portion of 
the tliulamus opticus. The fibers from the nucleus of the trigeminus have 
the some terminus, but they extend to the thalamus, not through the lemnis- 
cus tract, but more dorsally and median. BesidL's the ending of the median 
fillet, the tegmental radiation from the parietal lobe also ends in the region 
of the thaiamus. By it is established a connection between the sensory nerve 
and the parietal lobe of the brain. It presents a tertiary ecnsory path. 

The tegmental fibers arise in the parietal lobe, possibly in the same con- 
volutions as the pyramidal filers, and from there extend to the posterior 
third of the internal capsule. In this region are joined to them the visual 
radialxon of the oecipilal b)bc and the central auditory path. A part of the 
tegmental tract extends inward (to the right). A second portion extends to 
and through tho lontifomi nucleus; another arrives at the tbalanms. 

The central fibers fnini tlie nuclei of the cranial nerves, perhaj» also 
some from nuclei of the spinal nerves, ascend in the inferior or lateral fillet. 
These end, in larj:e pari, in the ganglia of the corpora quadrigemina, and 
in another part in the median corpus gcniculatum, here principally the 
acusticus paths of higher order. 

To these nuclei passes, principally from the white substance of the tem- 
poral lobe, but also from more anteriorly situated cortical areas, a fibrous 
tract, the cortical path of the acusticus, etc. 

In this manner all the various fibers of the lemniscal tract are con- 
nected with their centers, lying on that side which is crosseil to the lem- 
niscus. The decussation takes place in the oblongata for one portion, for 
another in the curd itself. In the nuclei terminate always the fibers of the 
posterior roots, or the cranial sensory nerves. . 

8. A portion of the sensory nen'es ends in the neighborhood of Clarke's 
column of cells. Knun them arises the direct cerebellar tract, which extends 
in the periphery of tlie latenil tract of the cord up to the cerebellum. 

9- Some cranial sensory nen'es receive additional fibers, coming from 
the cerebelluni (direct wnsory cerebellar tract). 

10. The cortical area and the central path of the sensory portion of the 
nermi tri^minai from the cortex to the Capsula are yet unknown. Follow- 
ing pathological experiences, its fibers must lie in the posterior third of 
the capsule. The cortical tract of the trigeminal ends, in rabbits at least, in 
the ventral jiortinn of the thalamus. licading up to it is a large bundle 
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from the opposite nucleus of the bulb. And in this nucleus itself terminate 
the processee from the cells of the (Jasserian ganglion. 

The trigeminus also arises in part from nuclei lying in the central organ 
itaelf. So far we know two of these: one in the lateral wall of the aqueduct 
beneath the corpora quadrigemina; the other, the so-called motor nucleus, 
lying in the pons. 

The ascending root contains the tactile nerves of the face, as is shown 
by pathology. 

11. The nerrus acDsticns is conveniently regarded as two nerves: the 
nervus cochlearis and the nervus vestibularis. 

The cortical origin of the nerve of hearing, the cochlear, must be sought 
in the region of the temporal convolutions. Clinical observations allow the 
conclusion that from there a tract leads to the inferior portion of the internal 
capsule, and probably through the arm of the posterior corpus quadri- 
geminum to its gray matter. Thenee the lateral lemniscus extends down- 
ward toward the superior olive in the oblongata, and in this end also the 
fibers from the nucleus acustiei ventralis, the trapezoid body. In this 
nucleus, however, arborize the end-branches from the ganglion-cells of the 
ganglion spirale cochleai: the auditory nerve-roots. 

About the central course of the riervus vestibuH but little is Icnown. Its 
fibers, coming from the cells of the macula and the crista acustica, end 
partly in the dorsal nucleus and extend partly to the cerebclhim. Besides, 
this nerve contains fibers from lower levels of the oblongata, and additions 
from the lemniscus as stria' acusticie (compare description jrivcn previously). 

The upper ulire. with which not only the coL-hlfur, but iilso tin.- ves- 
tibular, stands in rolation, is intimately connected with (lie nucti'i of the 
motor nerves of the eye and with the cerebellum; probably also wilh the 
corpora quadrigemina. It is likely that it belongs to the eipii libra t ion- 
apparatus of the body. 

The trigemiiuis, as well as the acusticus, receives fibers from the cere- 
bellum. 

12. Nothing is knoivn about the central tract of the vagus. If the 
much-mentioned place in the posterior part of the lajisulc ho do:^troycd, 
vagus symptoms do not appear; instead, there cojiie disturbances of taste 
(glosso-pharyngcus). The course of the fillet-fibers to ibo opposite pneumo- 
gastrie and glosso-pharyngeal nuclei has been »u-ntioncil. Both those nerves 
also probably receive additional fibers from the cerebellum. 

13. The central course of the opticus bas already lieeu considered in its 
relations. 

It may be repeated that this nerve arises from tln' jiulvinar thalami, 
the corpus geniculatum laterale, the tuber cincroinii, and the corpora quad- 
rigemina; that it receives fibers, arisinfr in the retina, which end in the 



410 ASATOMY OF TUE CENTBAL NEBVOCS SYSTEM. 

parts of the brain mentioned. To aU these "primary optic centers" come 
fibers from the optic radiations, beginning in the occipital lobe. These 
extend along the lateral side of the posterior horn, and under the inferior 
parietal lobule, on their way from the cortical origin to the primary optic 
centers». From this fact arise visual disturbances, having the character of 
cortical lesions, which have been noticed in disease of this lobule or by ex* 
perimental lesion of tlie corresponding locus in animals. 

The fibers of the optic tract pass to the chiasm. There the larger 
portion passes to the opposite side, while a smaller portion, up to this point 
not separated from the bundle, remains on the same side. The long- 
cherished dispute about tbo chiasm has recently been decided, as stated 
above, finally and convincingly by Singer and ilünzer. The bundle which 
d<R'B not cross over is very unimportant in some animals, and is entirely 
wanting in certain orders. In the latter case there is, accordingly, a total 
decussation. 

The optic tract must, in addition, contain tlie pupillary fibers from the 
oculo-motoriiis. It has not yet been definitely demonstrated how they join it. 

The central course of the olfactoriai was described in its relations, in 
Cha])ter XIII. Oompare especially Fig. 144, relating to this subject. 
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^^^^B uf nrr><-0, ininiB), H4, 


muaU. «niwrj. of ht<iul. $>i^97. ^^^^^| 


^^^^1 pntruiniiKiiitrir, tiialor, H7. 


MYclwItiim, ^^^^^1 


^^^^B M-iiw>rjr, Htf, 


tola. cliOtioiiks, 1CT. ^^^^H 


^^^H mtnadu*. 13:!. 


«d, eltctric, mfllaptrrMnr.*, fymiuntu. ^^M 


^^^H I^Utr. r«>n>t)o|lHr. n>II* n(, UM. 


«ord, »pinal, ventral mluDiiu. <U, *S1. ^^H 


^^^1 radlnllofi. (>nl|iit«l |T|, 243. 


gUlfflitin nil«, i^.^i« ^^H 
nuiTinu tiprvi'ium Hrrtricunim, 08. ^^| 


^^^H Tuiili. rliiriuil, KptnnI, m. 04. 


^^^H imirll. «Miw of. 15M. 


organ, vW-lrio. 'JU. OS. ^^H 


^^^H Blntum (Uypr). d<w|i imtdutUirT, 301, 


tructun (vti-lirllo «ptnnli«, 71. ^^H 


^^m 302. 


ftorni« miiU. »Iwrk. bnika. Iim. ^H 


^^^H HU|i^T. «nuuiry, fron CTknial nrrvt«, 
^^H «. 54. 


jpiBidda (Odftoldd). arr abu stunfFUii. ^^| 


iiiniitlr. 100. ^^m 


^^^B toriu winiFirctikrU. 502. 


fl'Ath fitirialliiji, gvAgron. 1 
thalnmn* upUou«, liuriionlnl iH'cU<m, 1 


^^^^B tnoltln riTvlcIln nplnalU, 71. 


^^^^^ MItl to TTfpbrllum. 101. 


Ml. J 


^^^^^^^^ l^• 


gold-Had, f^fpH-u» itumtu», innlnlU, 9t. ^^J 
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Vertebra tea. 

flahefi, Gj/iiinotu», see eel, electric. 
Leuciacue rtitilvs, tee white-fish. 
Ijophiug piecfiloriug, see angler-fish. 
MalaptervruH. eel, electric. 

ganglion- cells of cord, 18. 
minnow, see Phoximi» Imi». 
Perm ftutiatili», perch. 

bulbuB olfactoriuB, 148. 

corpus striatum, "96. 

brain, Ahlbom's description, 11. 

ganglion habenulre. 129. 

hyponhysis, 128, 129. 

interorain, 125. 

lamina contmissuralis mesencephali, 

118. 
mantle, 61. 
petromi/zon larv-a, ammoartes. 
ganglia, cranial, •26b, "26c, 61. 

epibranchiat, "260, "260, 61. 
nerves, cranial, "260, "260, 61. 
PhoTinui> Iffii«, m inn on-. 

cerebellum, cells of Purkinje, "62. 
layer, granular, "62. 
zona molecularis, •62. 
ttaja clafttta, see ray. 
Rafa miraletus, see ray, brain. '106. 
rays, brain, sagittal section, "55, "122. 
cerebellum, sagittal section, •58. 
electric, see torpedo. 
forebrain, ventricle, 159. 
hypoplivsis, horizontal section, "78. 
mauUe, 159, 161, 162. 
meduJlft, frontal section, "41, 79, 82. 
RhodeiiK anianis (carp family). 
chinsnm, optic, section, "70. 
midbrnin, frontal section, *G8. 
ScvUitttii tfiiiiciiln. shark. 
brain, borizonlal section, *92. 
interbrain, 143. 144. 
midbrain, frontiil section, "59, '89. 
thalamus opticus, frontal section, "M. 
horizontji] section, •90. 
selachians {Selachii), see also rays and 
sharks. 
aqueduct of Sylvius. 113. 
brain, anat«niy. 11, *l(lii. 

sagittal section, "108. 
cerebellum. 101. 

layer, medullary, 104. 
plate, 102. 

relation tu fihrre tircujitie interna-. 
108. 
commissura ventrniis, 70. 
decussatto transversa. 138. 
epiphysis. 127. 
forebrain, ventricle, 15!). 
lobus cerebellnris ncustifi, 105. 

trigemini, 105. 
manUe, 145, 159, 161. 
nerve, optic. 113. 
nucleus lateralis, 121. 
oliva superior, auditory fibers, 93. 
pallium, hemispheres. l.iO. 



Vertebrates. 
fishes, selachians, recessus mamillaris, 129. 
tracts of spinal cord. 71. 
sharks, see also careharias, gcfflliuiii, and 

selachians. 
brain, horizontal section, "92. 
cord, spinal, section, "3Sc. 
fundament« of Froriep, "26a. 

of Kupffer, •26a. 
interbram, sagittal section, infundib- 

uium, "77, 143. 144. 
lobes, olfactory, 159. 
mantle, 159. 

midbrain, frontal section, '59, "89. 
thalamus, frontal section, '93. 

horizontal section, "90. 
sturgeon, brnin, larval, sagittal section, 
•18, 49. 
cerelu'llum. '39. 

faxciculus longitudinalia posterior, 82. 
fundament for second mouth. 129. 
hemisplieres (!), 50. 
hypophysis, 128, 129. 
medulla, '39. 

nucleus of pneumognstric, 85, 86. 
pallium, .51. 
teleosts iTcleoHtci) . 
brain, 11. 84. 

Sfliematic. sagittal section, •107. 
bulb, olfactorv. 147. 
cerebellum, 1Ö1. 109. 

association -fibers, 110. 

d ecu ssa I ion -fibers, 109. 

fibne arcuattp externie, 108. 

layer, medullary, 104. 
uiolei'uliii'. lOii. 

surfiiee, Hlj. 
chiiisma. optic, section through, "70. 
comnii.'isui'a iinitiiluta, 118. 

ventrniis. 70. 
corpus strintum. 155. 158. 
decUM^^Iion, tepmentnl. 118. 

trDciileiir. 1(19. 
trtsc'iriilus lateralis olfactorius, 149, 

1.-.0, ■ 

fibers of ns-incintion, cerebellum, 110. 

deeussaliou. cerebellum, 109. 
forebrain, frnntiil section, "102. •105. 
hemispheres. I.'i4. 
hypotlinlamus. 156. 
line lateral, innervation, 03. 
lobus icrclM'llnris acustici, 105. 

tripeuiini. 105. 
niaiille. 51. 145, 14G. 155. 158. I.j9, 

1(10. 
mcdullii. 112. 
midbiiiin. froiilnl section. •llS, "S.i. 

relation to cerebellum, 121. 

ro'if-scpnient. 113. 

size. 1 1 2, 
nerve, facial, sensorv, 97. 

o]itie. 84. 

trochlear, decussation. 109. 
oliva =u[ierior. auditory fibers, Ö3. 
radiation, occipital (?|, 24.5. 
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Yniebratea. 
fishes, teleosts, sight, midbrain, 176. 
Nnel). 176. 

stratum medulläre profundum, 118. 
thalamus opticus, horizontal section, 

•81. 
torus semicircularis, 121. 
tractua a cuati co-spinal is, nucleus, 63. 
nuclfo-cerebellaris nervi trigeioini, 
108. 
vagi, 10». 
of spinal cord, 71. 
opticus, 176. 

strio-hypothalamipus, 186. 
strio-tliHlaniicua, 154. 165. 
thalamcnccplialO'CcrebellBris, 107. 
valvula cerebJ-lli, 105. 
vision, physiology of, 176. 
torpedo, lobe, pnpuniogastric, cells, 89. 
lob us electricus, •48. 
medulla, acction, *48. 
nucleus. pn<'uiiiogaBtric, *48. I 

organ. Hcctric, 90. i 

Mgla {a t«>leost). I 

cord, Bpinnl. rnhinins, ß4. 

orosaiieclioii, •30, 85. i 

trout-emhrvo, brain, sagittal section, I 

•K.'-m. I 

mnntlo. Mil. ^ 

uhitcfish. Lriici^cus rulilus, roach. | 

cord, spinfll. columns. 04. i 

cro<i« soction. 04, •20.4. I 

rootB. dorwil, 64. 

/.onrcr» rh\)mr»s, midbrain, frontal 

faction, "85. 

I 

Amphibians {AmftMbin). \ 

apparatus, olfactory, 150, 
aqueduct of Sylvius, 113, | 

brain. It. 

cross- sect ion. 167. 

aagitt«! section. "37, '66, •64, •100. 
canala of hrad. sensory, 59, 60, 05-07. 
contprs. optic, 287. 
cprplM'lhini. 101. 

afferent flbors, 104, 

surface. 105. 
corpus ^niculiilum laterale, 287. 
cortfx, olfnclorj'. 170. 

ciTcbral. physiologj-, 2IS. 
structure," 108. 
dccuKsatio trnn'verwi. 138. 

voli. lew, 
drndritfT», {III n gl ion- eel Is, 73. 
ppipliysc« {[>nrietal eye), 127. 
fRM-i(-ulu<> longitudinal is posterior, 82. 
fllK'rK ifibnr), acustieo-spinales, 82, 

arcifnrmea extcmff, 00. 

Mauthner's. 70. 
forrhrniti, Ifi7. 
(ormntiij hulharia. 147. 
foic« limhica, 162. 
ganglion hatienulie. 130. 
gj-rus inarTTinali«. 202. 
hemi-jibfres, 161, 162, 165. 



Vertebrate«, 

amphibians, interbrain. 126. 

mnnUe, J45, 146, 162, 160, 161. 

neuraxons of gang! ion-cells, 168. 
medulla, 77, 78. 
midbrain, base, 116, 

layer (stratum), deep medullary, 
116, 302. 
nerves, cranial, number, 60. 
facial, Bensorv, 69, 60. 
optic. 113, 116. 287. 
pneuniogastric, innervation of skin, 
86. 
nucleus, auditory, ventral, 92, 03. 
hypoglossal. 87. 
of columns, jiosterior, spinal cord, 

79. 
pneumogaNtric, mot«r, 87. 
oliva inferior {1), 08. 
polus temporalis. 162. 
tela chorioidea, 127. 
tract <tractus), cord to cerebellum, 
101. 
cortico-olfBctoriua. 151. 
interbrnin to cerebellum, 101, 
midbrain to i-erebellum, 101. 
olfactorius (u'pti. 166. 
olfactory, 140. 
optic. 287. 

atrio-thfllamicua, 155. 
tubercle (tuberculum), auditory, 92, 
93. 
ambli/itoma, see rirrdott. 
anura. brain and cord. 179. 
axolotl, see xirfdnH. 
tufn, see toad. 

frog, bulb, olfactorv. aagittal section, 
•94. 
crlls, epithelial, nene-endings, 42. 
cord, spinal, number of ganglion -celts, 
•32. 
incrcose of cells. 55. 
gingiva, nerve- endings, 17. 
labyrinth, loss of, 44. 
mantle, acction, '116. 
midbrain, section of roof, '66. 
Sahimandrn maculnia, medulla, '40. 
«frpdon. midbrain, sagittal section, 64. 
toad, dicnccphalon. '76. 

midbrain, cross- section, •ÖO. 
trilnn. brain, sagittal section, •80. 
fibers, arciform, 81. 
medulla, i-ross-seetion, •42. 
vrt>dfla, brain and cord, 179. 

Reptiles (Bf;>""ff). 

apparatUH. olfactory, 150, 174. 

schema, "101. 
area pamlfactoria, 165. 
iMxiy. inferior olivarj- (!), 08. 

restiform. 09. 
brain. 11. 55. 177. 

olfactorr. 212. 

aagittal section, ^26, *110, '123. 
centers, optic, 287. 
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^^r Wrtvbra tea. 


VMtobratc«. H 


^H Tcptilt«. »n^beltum, 101, 103. 


reptile, tlmlsmuB optJctia, 132, 135. ■ 


^^B flirrn-tit litir-rft, 101. 


Ijacl (tni«tiiii), aci]atieQ'C«)«b)>ll«r!i, ■ 


^^M flbne HTciuiItt inlenup, 108. 


D9, ■ 


^^m iwdtiiick«. infuTior, Utt. 


oervbdlo-aplnallt. 71. M 


^^1 Burfuv. lOA. 


coid t() crrvlflluni, 101. ^M 


^H coliium of Stilliiift'Clarke. 40. 


corticri-rpblTlnticuB. ]61. ^^^H 


^^H romniiuiuni. niili-riur, Itrmin, 1S3. 


(-oriii-<i^tiiibi'riiitnri», 130, 131. ^^^H 


^^^^ c«nl, 300. 


L-irrli(^(ilfiii'i«rius. 151, 166, 217^^^H 


^^^^H gtimetL thaluni, IftZ. 


cortice»' lb a Uiiiicun, VMi. V 


^^^H Mcynrrt'e, SOO. 
^^^^H «ctMtriiun, 27ß- 


intcrbraiii to ci^rcU-llum. 101. H 


»iklbrain t*> ocrt'bvlliini, 101, H 


^^^^B corona radinta, I7Q. 


occipit«-m«U'nc6pliulii;u», IM, ^^^B 


^^^^^ «orfniH !ji-ni<-ulahim lat«rftU, 133. 


KtriO'thnlnniitiiB, lf>4, )£A. ^^^^| 


^^1 »triAlum. «ircct of removnl, 158. 


t«cto-lhalainicu«, 1^0. ^^^H 


^H cortex. iN>ri>brnl, 108. ITS. 


Uialamu maioillari«, 166. ^^ 


^^1 auMJciu lion- bund) R«, ITS. 


ttil>«ri')p (Uibrrmiluni), auditory 


^^U funilniiit.-iit »f, 16S. 


( uuiuUeuin) , f>2. 03. 


^H olfaclnn,-. 1D9. ITO. 


aUiUnitrtr. cttuIm'IIuiii. 101. *a7. IDS. 


^H pliriiioii^}' of. 1'4. 202. 


mrdiilla. crDOA-secUon. 8£. 


^^M »tructurr, ItW. 


nut-liMiB nervi nbdiiccntji, 93. 


^H decuuutUoD of tho rclum, 108. 


nervi fncinlis. öö. 


^H optic. 140. 


thalaniua upUcun, frontal «cction. *82. 


^H trocblenr, 108. 


Allig'itnr lucivif. 


^^B «piph.vsts, 127. 


mHulla, cluMd, crow-MctJoR, *43. 


^^1 tpuUiiiluui, US, 


nu«l«tu, auditor}', '49. 


^^M fuK'iotilus l«n^(u<linaUfl po«t«riOT, 


trigMxinitl. motor, *&». ^^ 


^H 


Altiffalor JfUsfAAlppiiWit. ^^^H 


^^^^^ Ünihrin, 171. 


nucleus, pncnmoeaatric, *4S. ^^^J 
Anffim p-U'jdiH, blind vrorm. V 


^^^^K fiMura arcuatn wpti, IiM, 


^^^^V formaliu liullmrb. 147. 


iuluuii'Hii-iitiii [iinibalis «i rcrvicalls. fl 


^^^ lornlK. 171, 172. 


I 


^^1 rtlstioD to tiBOtn ibalnmi. 221. 


tbnlamUR npUcua, frontal wction, *81. H 


^^M (oTpa llmhira. IIU. 


Dmturf.'d. niicIi^iB. Ijlin-miiiat. D7. H 


^^1 jcaDKltou. urcn pnn)UiirU>ria, 146. 


tlhfUiiir. iniJ'j*. m.-v lurUc- H 


^H habrntiln;, ISU. 


cnncodilc. bniin, *74. ^^^| 


^^H of MTlRUUl, 1C5. 


ivri>li^llum. lul, '57. ^^H 


^^B vciilnil, of lu^niciitum, 123. 


ourd, «.■ction, "36J.. ^H 


^^1 Winia]>)i«rfb. itrrUral, Itll, 16^, 16S, 


iiilci'biaiu. 12fi. 


nucleus, median ihalami«, 132. 


^B 


t'ln^M F.urttjura, i»w it»'ain])-turtl«. 


^^K intcrhraiD, ganglia or nuelel, 136, 136. 


Kmy» lutorin. vfo twamp-turtl». 


^^^^H relntion to tuidlirain. 12S. 


SAifrtIa affiliJt, «M lirard, alao. 


^^^^^H lobe. i>ci-i]iitiil. \ü3. 


oL'r»l>(>llui[i, frantal Mcüan. '00. 


^^^^ inantli?. 14:i. 140. IGO. 161, 177. 


iiiidlirain. frontal section, *73. 


^H^ ciiHi-x af. ion. 


nervp, irigi'tiitniil. 'AI. 


^^H ilTiii'lurrr, 167. 


vi-liim medulläre antlcum. »ection, 'QU. 


^^M iwrvc, uptk'. 84, 1 13. 


linnl. upparatu«, olfactory, '100. 


^^B spiijnl ac4.'i,-mnry, 65. 


bmin. an. 163. '113. 


^^B tjnclilear. tlccuwatton of, 108. 


eapillal aei-tjon, 'ifi, *7\, '"it, 1ÄT, 


^^B nucleus, audilvry, vonlrul. Hi, &3. 


1S2. 


^M Delt^r's. OS. 


bulb. uKactory, "B'. 


^^B li}-pu){l(>*>°lt 97- 


ci-Tfbrllun.. 1(15. '00. 


^^B Int'-ralii. of midbntin, 121. 


i-rna* urc-lion, *4H). ^^^^t 


^^M of vrnnis rfivbclli, 1W. 


»ifpllJiI »vHion, *S6, *S7. ^^^H 


^^B mngco ci>ttulnri£ strati ffrUel, 132. 
^^M pnpnrnogaatrir. moiot, 87. 


cei-cbrum, froutal simUoii, *I03. ^^^| 


rnrtPX. "117. ^M 


^H oliva inlerior (!l, 08. 


ehlasnia, scetion, •87. ^^^B 


^^H «iipnrior iLiiilitnrv tttH>rK, 93, 


curpiiM striatum, 103. ^^^^| 


^^1 polu« tvnipoiiilift. lO'i. 


d«cuiMatio tjsitswna, *9&. ^^^^M 


^H Mp^uin, I4A. 


fpUlHal.nni, ^^^H 


^^M «nrll, M-nsc of. t7fi. 


fnaciculuB rvtronntiM, 806. Mfi. ^^^H 


^^M stratuni tla>'i;r). diK^p tm^dullary, 302. 


forehrain, '1P7. ^^^B 


^^1 tA-nin thnlntni. rrlulinn to forobc, 


lii-nii» ilirtr, '\H. *119. V 




bvuolialfuuua, eeclion. *B7. H 

J 
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1 VcfMtnl««. ; 


Tertctirntn. ^^^^^m 


1 npUlfli, ILun). tntutncaccBUn lumtMti« et , 


binl*. drrpiM fCi^iU-uUUim. 133. ^^^^^| 


^^H <rrvl>'Rli*, A?' 


quadrii;riiiitiiiri>. IWft. ^^^^H 


^^^1 moduli», •■-i-ikiii. *R7, 


•Uialum. 1», i!>&. IST. ^B 


^^H inlilbrAin, fronUI «Mtjitn, *U, '73, 


(ortox (H-r«bri, WMxialioi-bundli^, ^H 


^^^H TCMif, U^tid», *lHt- 


177. H 


^^^B IMTTP, IrifTi^ntnal, *01. 


deiKlriU-B, piif[lion'fii>IU, 73. ^^^^| 


^^^1 PutkoH Mrltfittii«, yytitoa, cenhnita. 


I'fMplifMs, IST. V». 1.10. ^^^^H 
flWrs. nri'Ifonn, vxlenul. M. ^^^^^H 


^^1 


^^^B »&ki>. tviflinini, fronlnl «miion, *1S0. 


Ulkl. 7J. 124. ^M 


^^^H dpTiipitatioii t-\)iiTinH'nl, 70, 


fontiniiii. cnmpftrvfl viUi torti«'«. IAS. ^H 


^^^1 Invrn rolluli-rsli«. Ii>4. 


frniitiit »ceiion. *1<IS. ^^H 


^^^H nuclrn», itirilüin tlialaniir, 132. 


foniii. 171. 172 ^H 


^^^1 svum|> tiirtlr, limiii, fiuaUil ■ccImii. *H> 


fotuui Islnii*) rhoralmiilah*. 73. ^^H 


^^H tuitir, l>min, in«n)'i'''^'ST> '^i ^^^ 


t»icti •-^•IlllUTAliB, lU. ^^H 


^H cfTvtx-tlum. ■:>;. 106. 


Kutifiliun, hvpDthHUniic, 1S2. ^^^^H 


^^^1 ecrcbttitn, frADlnl McUon, '103. 


thfiUmiu, 132. IM. ^^^^1 


^^H COftfX, llOTMll pUf, IttO. 


v«-n<nilf- trinnrnti. 123. ^^^^^H 


^^^1 ««tmnUuii« (H'''"^ UiKlaml, 132. 


;]A(t)ifl pitllidii«, lf>7. ^^^^^^ 
wmtB|ili(>rnt, II, 12. I<B. ^H 


^^^H eorpD» •tiiiiluHi, 15(1. 


^^^H forehrHlH, (■rowiu'i.ltnti. 100. 


Uvvr («Lralum). drep mnlalluy, IIA. ^H 
Ifilir. otwipitAl. Itt3. ITA. ^H 


^^H hTM polUUralU. IUI 


^^^1 gKDflion. bun), (»rrhrnin, IM. 


^H 


^^H lulHiiula?. '19- 


luliii« «-ti'lvltuftii nervi actutiri, liM. ^H 


^^^B hraiiKfilM'r«', fnmlnl arcüuii, *I18. 


iriKi'iMini. I0&. ^H 


^^^B IntunnornUa nrvlratu el IvinMü, 

^^H DiHIlllf. IH. 


innallr. 14S. U«, lU. I6ft, 1«, IUI. ' 

177. I 
sirurtun-, 117. ^^H 


^^^1 iw<H striatum. 1S4. 


iiii(])>iBtn. Ui**, 121. ^^M 


^^^H fu-rvi-. tkAnicip, (17. 


coiifwvlioR with (*r«linm, 114. ^H 


^^^1 tiiti'lrui, mmlUn tluUMii^ 132. 


roof. 113. ^M 


^^^H tootum opiiciim. IM. 


titrw. ntiditory, DIM. ^^^^^ä 


^^m rfntrtrii-, lull-mi. IM. 


miiial. tmti)li#r, SD. ^^^^^M 


^^^1 Tamium vrhruM. ww liniid, >Im. 


nptir. II.1. 130, ^^^H 


^^^P cvr*lN>ihini. liUk 


ncvetmtrj, U. ^^^^^H 


^^^H tnrdtilUr.r rrntvr. KM. 


nudi-it*. audiloo*- ^1. ^^ ^^^^^H 


^^^B M|>it(ftl arrtlfiD. *M. 


rniiiUluH. Ifi*. ^^1 


^^^p 4ppu*wiii> Lrftimm», "flä 


cvn-hflUr, 106, ^M 




cnluimi«. pooUricr, of aMdnH«. 79, ^H 


W Bird« l.tir'l. 


.^l 


^^^ NlipaTmluti. ollnctury, 174. 


Dritrr'« M. V». ^^^B 


^^^k »ptic. prinuirt-, 17&. 


bypAjfltMunl, 87. ^^^^^| 


^^H BttxM'ktIoii-hiintllM of mricx Mnbr^ 


Ulmli* niMwarvphall, IS!. ^^^^H 


^H 


rmnU. IDC ^H 


^^H body, otlvury. infmnr (!|, H. 


tiiaftnn-iM'lluliim ttintU griwf, ID^^^H 


^^^1 mtitaTni. 0». 


pMPuiiKvnitlik'. M}. 87. ^^^^H 


^^M brntii. IS. KM. 


rotundu*. iiiU-tlMaln. litS. ^^^^H 


^^M uirlUal «n'Uoii. 'AA. 'III. 


tluUnii. ^^^^1 


^^^B at|i>ul* Inlrnul, 157. 


triftrniinnl, Itonliil. 07. ^^^^^| 


^^^g rtaim. «iptk-. SB7. 


Infrrior M. ^^^^1 


^H (wrrUllutn, 'ST. IttS, 


■uiH-Tinr iiuiiit/rry Abrn. 9S. ^^^^H 


^^^H flbrv arr-uattr ivUnw, 106, 


pulniiii-it, 1^7. ^^^^^1 


^^^B prdunt^lt-fl, 107. 


««ptuin, lis, ^H 


^^^1 InfrnoT, W. 


Mroiuiii (Uyor), ietrp mMluIUn', sni, ^H 


^^H |Jat<-, n't!« at, 101. 


^H 


^^^H v<'iitrw-li>, 101. 


levIURi tncactuH'])!)*!!. lU. ^^^^H 


^^^B M«nM, 103. 


(haliiiiii. nptirllB. 132. ^^^^H 


^^H ««r«t)rti>n. 


inin|>ltii nuciri, ISi. ^^^^^^ 


^^^M nMiriKcdon nith Ixctam BHPanu«- 


tract <(raoLii»l. ^^^^^1 


^^m 


■ndlltwy errrhrlUr. 90. ^^^^H 


^^H irlilMiiui. ofittr, im, 140. 


rrT>*brllit'*]riiwlU. 71. ^^^^^| 


^^^H nx^lm. 01, 


rtiril let nrrliclliini. 101. ^^M 


^^H rolmun of f^lillinE-Clkriu, M. 


rorUorf-lubftiulKria, IdO, 131. ^^^^M 


^^H r<itBiiii>«ura BTi"'* llialaniJ. 1S2. 


corl.iro-nlbid oriiw. 151. ^^^^^M 


^^^L^^ coroiu ndiat», 170. 


corUco-thaUiRiicu*, 131. ^^^^^H 
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B VpH*hrBt(«i, 


Vprtobratt«. 


H lilrds, tr»i>t from D<>it(T'ii nu«loiu, 108. 


Bmnitniilit. (vrcltruiTi. pcliinclps, 124. 
rclaiion lo (n-ri-bollum. 110, 14S. 


H from pulaiui'ii, 137, 


^^^^ intrrliraiTi to oM<'b«-ll»m, 101, 


Ii'c^l.uni ini*iu-iir>-i>)iali, 114. 
chinxinn o|ittcn. 139, 140. 


^^^h midbrain ta c«ri>belluiu. iOl. 


^^^^1 urx'ipitofrDiiUilLa, 177. 


elaitsiruiti. lOn. 


^^^H [>cci|>ito mcwncrphnlicii«, 174. ITfl. 


cochli-tt, »!. 


^^H oUii<'ti>r>'. fiWrfi. U». 


coniniiMuir, nntrrlor. cerebrum, 216> 


^^^^M oXtnfUfty. tii «i:ptiim, 166. 


jlHsMt UmUiui, 132. 


^^^^1 optic. miCbrain, 124. 


molli». 132. 


^^^^B ■(■p|u-tiic-iM-ii<.'c|>IiulU'uii, 108. 175- 


of inaiillp, 172. 


^^^^B M no- tlin liinii 1- tit , 55. 


piMte'rior. )19b. 


^^^^1 t^CtlVtllAlAllliollK. I'20. 


flnnlrol. •(■»■ory. 44. 


^^^H llmlnmo-nmrnillnris. 132. 


«inl, ?i[ii»iiil. Pliert of removal, 79. 


^^^H Iiibi>n-ii1iini ■(■iiauntitn, nuditor}' tuber' 


column of Stilllnif'Clarkv, M. 


^^H 


cyinni .^nmuwit. 1TÜ, 171. 


^^^^R i«iitrlcii]UB cerrb«!!]. IOl, 


cnroiix radinia. 13ü. 


^^^^ vonni« n-rrlx'lü. 102. 


corjtU' iiilkwuni, im, 172, 200. 218- 


H Vinton. pli.vMoloK^' of. ITA. 


i|ii»rii'i|;i'tiiiniini arilcriils, 284, 30)1. 


H «hickMi, braiD. Miin>-tal «mUoh. '2), *72. 


|H' J II III- If. 143. 


■ ■lis. 


|>ci»U-riu>, 114. £84. 


^^^^ ««rebclluni, Miptlal KMrtwn, *61. 


atriittuiti. läO. 15'. 


^^^^b pediin^W. inf^fn*. *AI. 


eiilvtliuUimivum, 1S3. 


^^^H aupM^or, 


|ni[H'/oiri>!4. 113. 


^^^H ttirH, aptnni, «rcdnn. *33. 


eoru-x oewbri, 170, SO». 


^^^^p «eiitml fibers. SI. 


a BBociation- bundle!, 17ft, 177. 


^^^^ faiMdculi)« liMifriliiiliniiliK lateralis, 72. 


nbcra. ay 


H dwlc, dcc.i|>iliiliön r%jiiTiii>''iit. 70, 


olfairtcir^'. iiZ. 109. 170. 172. 


H oatrich. cuiil. sectinii, ".itUI. 


pliviriology, 17.1. 20a. 
IM il ill lion, 210. 


H on!, ilmiwuiliini. f>|>li{-, 140, 141. 


H parTot. bmin, fmnlal soctjon, *li)4. 


rciiicivnl, ciTcct, 208, 


H p)jfi'i>ti. l)min. aafrit-Lal section. '121. 


aertiim, "152. 


^L^^ MNCH'intjoa-bunill'C», cortex, cvrelii, 


»urfurc, 173. 


^^L 


dflciuMtiou, anterior, of spinal cord. 


^^^m interbrntn. *83. 


70. 


^^^B tfialnrnii*. tnjritUI ii^.ion, '84. 


optlo. 140 142. 


^^^H trsrtua orripi1n-m<-Hi>n(vphaHruii, 174- 


dcniJriliHi of gray gnn^Iion-««lla, 73. 


^^^^1 MBTTCiw, tiKHliiilii. gloif^i pliflTTngeal, 


*pipli,v.i«. 127. 1*2«, 130. 


^^P 


I'jiiilriHTiiiii ^T), 213. 




ppitheliuin. central canal, 10. 


^r MunmnlM tMnmfiiaHa). 


faarirulu* lonfriLudiiialit po«t«rior, 71, 


^^^^ ania IfDlJfomii». 290. 


H3, 2!ia, 


^^^L Apparatus, olfactorv. 160. £00, 211. 


flbrs arcifomimfarcuntel lolenMe, 90. 


^^M 


flilrt. 124. 


^^^^B aqurdurl of Syivitis, 113. 


flnurc, inner marginal, IM, 


^^^^1 mutu-r, ifTuv. 121. 


limbiMi. 200. 


^^^1 ftMOC)Ation-lmDiIl<>j). corU-X cerebri. 


Sylviu*. variations, 221. 


^^m 


tinii»ilor\'. 20.1, 


^^^H bupIptm MudatUB. 257. 258. 


forehniiii. /ronlal «iictlon, *IOS. 


^^^P body, (ilivar^-. ccrebrllar, 100, 


fornix. 171. 172. 200. 


^^^H inferior. 


fov*« rtilliitoralK. 104. 


^^^H T^itlifonn. 99. 


ganijli'in hnbeniib». 129. 


^^H bmiii. 1A4, 30)4.236. 


livjHiMialinin, 132. 


^^H Mfrillat arclion. 


thnliiini. 1,12. 


^^^H c«|mtila iiittriia. I.'i.'). 157. 11$. 


gan^'l ion -cell», anli^rior horn, ft?- 


^^^H cratrr. nlfurtin-. 200, 


JpTtllCPlI--t. 1Ä, 


^^H nn^bi-Iluiii. 102. 104. *37. lOfi. 110, 3SS. 


globu» pallidum, 137. 

jtyri, if?. 

hr-miaiibcrM, £0, 31, 102, IBS. 


^^^B HbctK. nrcifomi, cxlcnial. lOB. 


^^^^B «livn (VrrlH-lli, 106. 


^^H pfdiinvitiK 107, loe. 


hypo iliyais. I2S. 

inipii M-«. imnaminioB of. 21. 


^^^B inferior. 09. 


^^H middip. 108. 


inlcrbraiii, nuclei, 135, 139. 


^^H plftU. roll«. 104. 


lobe frontal. 178. 


^^^B vrntriclo. 


(H'cipitiil. 103. 175. 


^^^B envbrum. 145. 


olfnetory. 140. I 
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Vertebrates. 

luammals, lobua cerebeltaris acustici, 106. 

cerebellaris trigemini, 105. 
mantle, 145, UU, 153, 155, 100, 161, 
172, 177, 178. 

structure, 1(17. 
midbrain, connection with cerebrum, 

114. 
muBcles, inne nation, 37. 
nervp, auditory, Ö1, VL, 83. 

cranial, numljer, 59. 

optic, 84, 113, 143, 285. 280. 

sensory, deep centers, 176. 

spinal BceeBsory, 86. 
neuraxouB, 20. 
nucleus arciformis, 08. 

auditory, 01, 03. 

caudiitu», 157, 257, 258. 

cerebellar, 105. 

column, posterior, medulla, 79, 81. 

Deiter» »3. 108. 

denlatuH olivte cerebelli, 106. 
fatK'ituli longitudinalis poeterioria, 305. 

lateralia vfrniia, 100. 

Uürves. tTunial, terminal, 84. 

pneumogaslric, 86. 

pneteetalis (T), 114, 136. 

roof of midbrain (!), 120. 

thalami, 136. 
oliva inferior. 08, 381. 

Bui>erior, 388. 389. 
paths, motor, 37. 
pes fcrehri, 211. 

j>olu8 fronlaltn et oocipitatiK, 163. 
psalterium, 172. 
pulvinar, 287. 
put« men. 157. 
radix niesencephatica nervi trigemini, 

»7. 120. 
rhinenoc]thHlon, 216. 
root«, olfarlory, 215. 
septum pellueidum, 165. 
sheath, medullar^-. 30. 
sub*tanliA niprrn, 123. 
sulci cert-liri. 164. 
tectum nieneni-ephali. 114. 
thalamus opticus. 133. 
tract (tniclus). hulliar. efferent, 149. 

I'crrlM'llo-oIivaria, 108, 326. 

ceretx-llo- spin alls, 71, 311. 

I'ercllum to cranial sensorv nerves, 
.327. 

cerebrum t" cerebellum, 101. 
to mciltilbi. 0!). 

cord to «eri'liellum. 101. 

ciirlex to itiqui« geniculalum, 136, 

eorliiwl. 145. 

i'orti<-o-ha1>piiulnriH. 130, 131. 

r'urtico-nHacIoriuH. 151. 

I'ortifo-NiiinntiR. 72, 83. 

•-orlico-tlialnmicus. 133. 

Deiter's nucleuH. 108. 

hahenuld-iieduncularia. 276. 

interbrain to cerebellum, 101. 
to pons and cord. 124. 



Vertebrates, 
mammala, tract, occipito-mesencephalicus, 
174. 
olfflC'toriua septi, 166. 
optic, 124, 287. 

eept4>-mesencephalicus (!), 166. 
spinal. 71. 

Btrio-thalamicuB, 136, 144, 166, 167. 
tecto-thalamieus, 120. 
thalamo-bulbaris et Bpinalia, 136. 
thalamo-mamillaris, 132. 
V ago cerebellar, 86. 
tuberculum acusticum (auditory tu- 

Iwrcle), 03. 
ventriculus cerebelli. 101. 
vision, physiologj- of, 176. 
ape, convolutions, 205. 
corpus calloHum, 173. 
cortex, relation to animal activitr, 

200. 
decussation, optic, 140, 141. 
flasura perpendicularis externa, 203. 

simian, 198. 
gj-ri, 170. 205. 
frontal. 104. 
lobe, frontal. 210, 
medulla. '24«. 
tract, pyramidal. 340. 

crosited, 72. 
trapezium, *24<1. 
apes, anthropoid, 
brain, 104. 

literature of gyri, 223. 
convolutions. 211.1. 
lobe, frontal. 210. 
mantle, 210, 
aquatic, apjmratus, olfactory, 211. 

comu Ammonis, 171. 
anoflmatic, 21 1, 

lolw. limbic. 216. 
amifldillo. 

a)>parat.us. olfactory, "130. 
brain, •130, 211, "140. 

olfuclor\-, 212, 
cortex, 209, 

lobes. oKactorv, 209, 212. 
bear, brain. *\\h, 222, 
flsaurc, central, 221. 222. 
loW, frontal, 'Ufl, 222. 
burrouem. tract, pyramidal, 346, 
calf, liruiii. liase. 211. 
olfncliiry, 212. 
«MpitlnlBection, '143. 
forpu» triijiezoides, 311. 
liihun liuibicuB. *143. 
carn'trnrn. brain- surface, literature, 223. 
cat, brain, sagittal section, 'lO, 
corpu» gciiiculntum lat«rale, *IS4. 

quiidrif^minum anterius, 287. 
cortex cerebri, '149. 
fiber«, oculo-motor, 55. 

optic. 287. 
Eom-, an tcro- lateral mixed, of cord, 330, 
cow, brain, aurface, 223, 
commissure, [wmterior, of cord. 368. 
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Vertebrates, 
tn&mniala, Dasjfpug vltto8u», see armadillo, 
dog, brain. 'HT. 

frontal aection, '169, *191. 
olfaetorr, 212. 
surface." 223. 
cingulum, 239. 240. 
commissure of Meynert, 260. 

posterior, of cord, 358. 
cord, spinal, lateral column, •220. 
eortex, removal of, 257. 
fasoi cuius fron to-occipital is, 242. 
ganglion interpedunculare, 306. 
gyrus Uippocampi, 235. 
interbrain, frontal seetJon, "176, 'l??. 
labyrinth, removal, 44. 
lobe, frontal, "147. 
mantle, removal, 155. 
regio subthalamica, 273. 274. 
striatum intermedium, 274. 
substantia reticularis pontia, 315. 
tapetum, 242. 
thalamus, section, frontnl, *169, 263, 

•17«, '177. 
tractfi, from corpus striatum, 257. 
cortico-apinalis. •35.4. 
crossed pyramidal. 72. 
olfactory, 220. 221. 
dolphin, lobe, oltactorj- (I), 216. 
echidna, gjri. 179. 
elephant, coitex, facial center, 210. 
guinea-pig, tract, crossed pyramidal, 72. 
gyrenpephalic mammals, 170. 
ha pa If, see ape. 
horse, brain, 22.3. 

con!. 74. 
insectii'iirii . corpus cnlloguni. 173. 
lemurs, «urfiice <>l brnin. lit^'niture, 223. 
lisscnccplialic mammnls, 17H. 
lower iniinniialH, tract, pyramidal, 346. 
man, iip|inratus. olfactorj', 211, 
area, olfactory. 282. 
brain, sagittnl section, embrj'onic, •20. 
surfiioc. pniliryonie. "23. 
. cerebrum. 17>*. 

frontal section. ^22. 
commissure, anterior, 242. 
convolutions. 205. 
cord, spinal, posterior roots, 354. 
eornn Ammonis. 2!.'i. 
corpus cailoHum, 173. 

gcnicnlnliuii mediale. 1.13, 
quadrigciniiium nnterius, 2S7. 
corlex cerebri. 20S, 200, 

association- bundles, 17*1, 177. 
decussation, optic, 140, 141, 
foreliriiin, 200. 
fornix longiis, 220. 
ganglion -eel I, post-cnibiyonic incn'asc, 

55. 
gyrus callosna. 200, 

fomicatus, 215. 
lobe, frontnl, 178, 

limbic, 210. 
mantle, 140, 178, 210. 



Vert« brate H, 
mammals, man, nucleus, ocnlo-inotor, 
.303. 
pulvinar. 250. 

tract (tractus). 

cortico-olfactorius septi (T), 217. 
crossed pyramidal. 72, •35fl. 
direct pyramidal. 72, •35ß. 
occipito-mesencephalicus, 174. 
- marsupials {Uaritupuilia). 
apparatus, olfactory, 224. 
brain, 177. ^123, 
corpus call osum (?),211. 
fissures, 203. 
mantle, 177. 
tract (tractus). 

cortico-olfactorius septi, 217. 
pyramidal, 340. 
mole, corpus quadrigeminum anteriuB, 

308. 
iloiiiidfin monoceroi, see narwhal. 
monotremes (nionntremata) . see echidna 
and ornilhorbj/nebiis. 
apjMiratua. olfactory, 224. 
corpus callosum (?), 211. 
gyri, 170. 
mouse, cerebrum, white medulla, 178, 
247. 
collaterals of whit« medulla, 247. 
cord, spinal. '34. 
hair, innervation of. •17. 
hemisplicre, *119. 
tract, crossed pyramidal, 72. 
narwhal, brain, ■140. 

convolutions, 223. 
urtiithDi'hym'hiix. lisscnccphalic, 179, 
osmntic miimnials. 211. 
bundle, olfactory. 283. 
cornn Amtiionis, 242. 
ciir|)us riillonum. 242. 

mil mi I 111 re. 274. 
fimbria. 218, 
fornix, 218, 
lobus lii])pocampi, 215. 

liniliica. 210. 
psaltcrium, 218, 
roots, iilf.aclory, 282. 2S3. 
ox, cord, spinal, 74, 
primnlv». !ippara1u<i, olfactory, 282, 
as-siiciiiliiMi-centiTS, brain. 210. 
corjui^ niaiiiilline, 274. 
fiisciculn- longiludinnlis inferior, 

240. 
fissure*. 203. 
gyri, 17!), 

lobus olfactorius, 2S2, 
pulvimir. 207, 
ralibil, binin, sagittal section, 144. 
olfiirtory, 212. 
ringiiluni, 2:i!>. 240, 
crji'nti Anniirinis. section. 'O. 
corpu'4 <|uadri;.'ci))inum anteriua, 286- 

287. 
cortex, areas, "140. 
dccapitulion exi>eriment, 70. 
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YerUbrAtes. 

mAtnmalfl, rabbit, glandula pinealia, 278- 
nucleus magno-cellularia, ZOO. 

thalami, 2<I0. 
tract, optic, fiber», 285-287. 
trigeminal, oentral. 3UU. 
trigemenal, cortical, 408. 
rhinoceroB, cort«x, facial center, 210. 
rodents {Kodcntlai , romu Aniuionia, 171. 



Vertebral PB. 
mammals, rodenU, corpus callosum, 173. 
simians, convolutions, 198. 
tapir, cortex, facial center, 210. 
Ihj/ladnug, see marsupials, 
ungulates, brain-surface, literature, 223. 
whales, bra in -surface, literature, 223. 
corpus quadrigeminum posterius, 285. 
nucleus nervi aeustici, 286. 



GENERAL INDEX. 



Only nounB are indexed. The figures immediately preceded by an asterisk (') 

refer to illustrations. 



Abducens, see nerve, abducent. 
Abduction of eye, 309. 
Abductors, of thigh, 337. 
Abscess of brain, 329, 330. 

of cerebellum, 320. 
Accessorius, see nerve, spinal accessory. 
Activity, cerebral, 72. 

cord, spina], 71. 
Acts, voluntary, cortical centers, 227. 
Acusticus, see nerve, auditory. 
Adductors of thigh, 337. 
Afterbrain, •182, *236. 
Age, as affecting structure of cortex, 233. 
Ala cinerea, '182, "236, 374. 

lobuli centralis, 310. 
Alcohol, fixation- method, 24. 
AlveUB, '125, "144, "154, 236, "177. 
Amblyopia, 269. 

Ampulla, sensory epithelium, 390. 
Anarthria, 403, 405. 

Anatomy, comparative, of brain, 10, 11, 12. 
centers, optic, 287. 
convolutions, 210. 
Ansa lentiformis, 25(3, 257, "107, '10«, "169, 
202, 2C3. 207, 269. *I74, »176, 
274, "177. "178, 277. 280, "191; 
see also tractua strio-thalam- 
icus. 
peduncularis. "141. 263. 274. 
AnuH, center, cortical. "149. 
Apbasia, 253. 

Aphonia, lesions of nicdiilia, 40,3. 
Apoplexy, symptomatolofry, 4ti7. 
pars corticnliB, "101. 
physiology, 158. 
primates, 282. 

relation to commissurti anterior. 242. 
conua frontalis pallii. 109. 
comu Ammonia, 170, 171. 
corpus striatum, 14S. 
ganglion babenulie, 131. 
mantle or pallium. 211. 
tienia thalaini, 188. "Iflft. 
Apparatus, olfactorv. .^li, 146-iri3. 102, 165- 
!C7. 174. 209. 211. 213, 210, 218, 
221, 283, 
of «TTDadillo. '139. 
center, cortical, 152, 207. 
gyrus rectus, 201. 
subcallosus, 201. 



Apparatus, olfactory, literature, 224. 
lobus pyriformis, 213. 
mammals, 208-226, 

schema, "98. »lOO. "101, "144, 173, 242. 
tractus cortieo-olfactoriua septi, 201, 217. 
stria-olfactorius, *141, "143, "144. 
optic, primary, 175, 
sensory, Ctelenterates, 39. 
Aqueduct of Sylvius, "21, 113. *66, 121, 124, 
144, "105, "185, 289. "186, "187, 
295, "191. 301, '197. '199, 308. 
310, 312, 313, 315, 399. 
floor-nuclei, *]m, 303. 
relation to bundle, tegmental, 275. 
commissura posterior, 295. 
nucleus fasciouli longitudinalis posteri- 
oris. 305. 
^er^■i oculo- motor ii, 303, 304. 
ner\-i trigeniini, 439. 
radix mesencephalica nervi trigemini, 97, 

394, 390. 
stratum (layer), deep medullary. 301. 
ventriculus quarliis, 324. 
substance i matter), central grav, 278, 305, 
308, 377. 
Arbor vilic. 31S. '20(i, 319, 
Arborcscence larliorlzation), "Ifl, 300; see 
jiImo lamification. 
cells of Clarke's coliinm, 3.'i4. 

cortex cerebri. 2.11. 
fibers, optic. '184, 287. 
fibrils, |>yruiiiidnl, 351. 
gniigl ion-cells of cord, 341. 
neiirnxons. 22. 
olfactory. 213. 
retinal, 2^7. 
Arch, brani'hiiil. 47, 
Area, of fornix, 200. 
auditorj-. 409. 
Urocte, 206, 

cortical, reptiles, lOS. H19. 
]iy])ogi(iS:^il, 406. 
triKcminiil, -tOS. 
Inlcriil. of iiiimttc. l.iO, 
motor. 2I)N. 

olfni>tA)rv. '70. 146, 147, 149. 'lOO. Url. 
•103, 'lis. '114. '118. '123, 
•13,1, 210, ^172. 260: see also 
»jmtium olfiic'torium. 
cortex cerebri. 213, 221. 
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^^K 424 «BVB&IL IWDES. ^^^^^^^^^^^^^^B 


V Ak*, oIf»<-l««j, HI*»», 21", 


Anris. CTnt«"r, *14P. 1 


^L^^ Tflall'in U) lobuB ui|iru(Milto«ii, S18. 


Axlu-cr linder. '4, 20-JB, tS, ». 37. 'lÄ. »I«, J 


^^^L Mituttontia fotltmit» anlorior, S82. 


06^71. ^m 


^^H U-nia tlMUmi. SSO. 3Mt. 


bundle, («gincnlAl, 275. ^^H 


^^H paroirttrtjorU. *TU. 105. *I18. 


Ci>llii «1 Gupw^rian ptn^Uwi, 40(1. ^^H 


^^^1 |iroj<^-Ü«ii, cortini), 'IM. 


ulltary. 3!U). ^^1 


^^^H [w.vcliomolor, UA. 


»|)iiuil itnnijilia, 341. ^^^ 


^^^H Arm, m «lao bmchiiim. 


HibiiUiitiii ifvlBUDUu nf K(»l*iido, 341. 1 


^r onilrr. mrtrs cerebri. *I18. 


vnllatrrml». '2^1. 1 


Mntbcllar, »c« tnluiicl«>. 
contnibBurnl. 3 H. , 


dt^rniTaliun, 7. 1 


tiniiKlioiiL-elbi. «, 341. U2, ■227, 321, 3&&. J 


cor|iiii qiMulrigpidinuia ftittmtu, *I02, SB6. 


408. ^M 


poDft, 913. 


g«nii-«fll», 11^. ^^M 


ArtnitMfktotU, c«Mb*iliiiD, 920. 


nrrirv, motcr, X», 990. ^^1 


Anootattan of mtUmI Matn» by ««rciac, 


H^ntorjr, 03, l-O ^^H 


ss. 


■t&ining mi'tbod«, A. ^^| 


■i| M-m-HU-n, SS. 


■Lnicluiv. *ll). ^^H 




trMU, pynitiiflal. 331. ^^| 


AMKuridliunlniDilIra, 2S4. 


•PittoiT'. of cord, 00. ^^H 


ccnicr. (ilf«rl<iry, IBS. 


Axoo«. 22, 37. 40. '16. ^H 


mrd. tpinnl. 345. ' 


^^H 


cortex rrrcliri. 1TÖ. IT7. 


Buc. Ol bnln, *I54. *180. ^M 


fr<>iiI.>><M-.-i,,iia], U9. SaS. «7. 


(ninirnln. 128. ^^ 


intrrlotiular, 240. 


Iniont. 405. 1 


^ B.i. - f^tu^ 340. 3&7, 2(3. 


midbrkin | ni(<«mr«iihftlon ) . SA, 124. *bd. 1 


^^B f' -.iu. 


•05. 1 


^^H Amo-.- :--- <--!*, Ü0. 


B*r(|iTuuin' Deitf flbfn, 939. < 


V MTsii AmBnonb, *B, tSO. 


Bid««. c<<nl<>r, in runl. 334. 
IUwbli!T. IttDt-rratkm. 42. 


■ SflMftUt, 'II, 


H AMDt^ti(in mfiliY, oortnt cvTwIili, 173, 210, 


llkXKl-auiiptv. rrirnlNÜDfi. 43. | 


K 240. Ul. 


Blood-vc^'f*. o( ciird. 3«. J 


^^K ncdiilla, M. 


ncrvpt-odlti];«. ■rnior;, 41. ^^H 


^^^H Afaot'lnllon Abn«. crrrbcllniii, IIU. 


Bodj, Mv nlwi itiqit». ^^H 


^^^"^ coni, apiiuu, aÜ. 

H^ <«tiiiiibmirf>, Hartsrior. MS. 


eorpiu nlliMum, 107. ^^H 
gm cvbitu, rxUnuü, *7I>. ^^| 


^^ cortex envbrl. 173, S3T 29». Bad, »7. 


lutcnl, opUc HbOT, tST. ^H 


^^B tone, sue. 


Kiwiy 24. ^M 


^^V «hOTt, S«fi, 2P0, SM. 


olivAiy, 3, W. ^^H 


V Riantl«-, 24«. 


Armmory, *243, 1 


K niMlulU, IW. W, 3H4. 


iBfvrior, m. *1U, 32«, 300, 373, 374, 37f . J 


^^K flriMWi«. 'IM. 


■Uiwrfar. •40, *48. »3. 'SS. M. B8. 108. j^^ 


^^H AMorlnlion flfld. mnlulln. Kti. 3M. 38«. 


pinsftl, IM; IP* «bo gbiiMl «nd «pi|ih]«li. ^^H 


^^^" AMOfinUounrt. cvTvlvllnm. 110. 


fluBdrlcrniiniil. 3m. ^^H 
ohTiqil«' *prti<in. 300. ^^1 


■^ A««K-i«U«n-pMtiivnv«. (HtrtmL («nbri, SSX, 


^^^ 


■nCriior. l.Hi, 2»7, 3«l, 3B9. 4OT. ^^ 


^^K (nnniilion of, 23.1. iM 


pnlidr, Mt)l. 


^^^F AaaoriatlPB ii>-i>ipin, r^til, »piiwl, 3&4. 


rclntion to crrvbrlUr Miltuiefar, Kft. 
fti".-tion, fnmUl. *IW, *1«l. 


^ CDdi's n-n-bri, Üfrl, 


^^ BwdulU. VS. 


f«,-.ri»>ri*>r, l«U-n>I IIIM. 313, 


^^^K AM<*OÜiti<inU«cla. ooi-U-x n-r*brl, 2M, 865, 


niiMruD ttihrr. W9. 


^^H 277. «Id. 


r««ll(<>rtn. IKi. "JS-I. 313. S82. 3M. 


^^^H midbnÜR, inlntMUl. 114. 


BnuhUlu «nlttu«, «jtinal eeitt«r, 331. ^^J 


^^^H Aatrorjrtr«, toitft (7»Ti<bri. 237. 


Bnwbiuni. m<» uU» «nn. ^^H 


^^V AUxU, (wrrbclUr, 330, 331. 


tvbiliou to oolit; trsrt, 2S6. ^^H 
«ntrriiiit. 'SI. 285, *)ltil, 'IDS, 'in. ^H 


^T (vrvtirat, 331. 


^^^^ Imlati o( ror)iti« quadrl^nliiBin, 331. 


cvrrrbvlU ahU^ir, 'YAR, 31». 400. ^H 


^^^^ Üben rfomnlU, 3&7. 


MutJuncUvum. Sfll. ^^| 


^^^y AtltvUNb. Iniiin nt UiaUniu*. &*<X 


•ntniu», 107. ^^M 


^^^ Atropfaj, nim-nUr aiayotrophk Ulml »ds- 


poalrfiuB. •247. « 


■ rais. 9«l, 902. 


nomti« liiiiddic rrrcfacllar pnluaelo), 311. J 


^^B, cord, lesion». SW, MB. 


*2>i6. 91^ 324. 320. .^J 


^B modtilk, I«4mh, ««, 406. 407. 


iMfcn. 93P, ^H 


^^H opbe. 300. 


|KMt«ria*. 2K5. ■!!». '104, ■ISO. ^H 
Brmia, nrmadillo, *190. ^^1 


^^BAtnpk^MaUiod or [avntlgatiMi, B. 


taue, S«3, UHO, • 180. 883, 301 ^H 
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Brain, base, lesion, 283. 

convolutions. "135, 203, '138, 2M, 207. 
Cuvier*», 207. 
derclopment, 47-61, 206. 
dog, "147, 223. 
Ganibelta's. 206. 
Gauss's, 205. 
growth, 58. 

hardening- method, 204. 
human embrvonic, 146, •128. 
lizard, "113. 
mammals, 164, 208-226. 
mantle-fibere, 296. 
maturation, 65. 
morphology, 183-207. 
olfactory, 211, 212. 
BubinBtein's, 207. 

section, frontal, "127, 250, "leT-'nO, 264, 
"171-'175, "178, •185-"180. 
horizontal, "125, "160. 
sagittal. "100. 
bird, "HI. 
chicken, "115. 
human embryo, "20, "181. 
kitten, "19. 
mammal, "112. 
rabbit, "144. 
ray, "122. 
reptile, "110. 
selachian, "108. 
sturgeon, "18, 49. 
t*leoBt, "107. 
nze, 206. 

view, basal, armadillo, 211. 
calf. "141. 
lateral, man, "130, "131. 
weight. 200. 207. 
Brain-cell, 24. 

Brain -centers, primary, 173. 
Brain-sand, 276. 
Branch, arbor vitse, 31!). 
fissure of Sylvius. 194. 
masseteric, of Irigcminnl, S5. 05. 
nerve, auditory, ascending, !)2. 
cochlear. "16. 
descending, 02. 
trigeminal, sensorj-, 95. 
nerve-root, posterior spinal, 352. 
ascending. 62. 352. 
descending, 02, 353. 
neurn.ton, 21. 
neunte, sensory, GO. 
Bristle- projections, epithelial cells of canal, 

16. 
Bulb, sec nicdiilln. 

Bulbus (bulb) oltactoriii^. '25. 58. "00, 'OT, 
147. 148, "!>8. MIO, 'Ui. 212, 
213, "142. *I44. 220. 'ISO. 282, 
cortex. 213, 236, 
medulla. 215. 
neiiraxons, 215. 
radiations, 215. 
relation to oifactnrv lube nnd field, 217, 

218, 
section, sagittal. •04. 



Bulbus olfactorius, structure, 213, "142, 
215. 
tractus bulbo-corticalis, 150, 215. 
bulbo-epiatriaticue, 109. 
olfactorius, 282. 
ventricular epithelium, 214. 
Bundle, sec also fasciculus, 
association, of nucleus ceudatus, 257, 258, 
•160, "176, "177. 
polus frontalis, 264. 
basal, of forebrain. 154, 256, "176; see 

ansa lentiformis. 
cord, spinal, '227. 
corona radiata, 246, 272. 
crusta to tegmentum, 406. 
■ fornix, 186. 
Gottcre's, 328. 
Gratiolet, 288. 

interolivary, 368; see also fillet, lemniscus, 
lateral, of pes pedunculi. 290. 
longitudinal, inferior. 292. 
lateral, midbrain. 121. 
posterior, 71, "42. 82, "43, "44, 03, "61- 
I "54, 99, "65. "07, 117, 122, 123, 

! "73, 124, "76. »83. "175. "177, 

I "179,278, "191, "198, 392, 397. 

1 Meynert, 306, 

midbrain, deep medullary stratum (layer), 

•68, 
ner\-e, optic, "71. 
olfactory, 169. "141. 217. 218, "144, 220, 

•1Ö9, 274. 283. 
tegmental, 144, "176, 
tegmento-mamillarv. 274, "177. 277. 
Vicq d'Azvr. 132." "144, "158, "169. 268, 
■170, 274. 277, 280: see also 
trad US tbalnino-niaiiiiUariü. 

Cnlcor avis. 198. 

Canal, centra!. 16. 56. 62, 03, "33, '100, "216. 
epitltrlium, '5. 344. 

medulla. 57. 75. 78, .103, 368, 372, 374, 376. 
neiirn], 15, 16. .16. 

seufiorv, aquatic vertebrates, 59. 00. 07. 
Capsnin'extcma, 190. 21«. 2.Ö0. 'I/l, •172, 
200. •170. 277, 406. 
interna, 04. 144. 155, 157. 178, 189. "127, 
100, 242, ■-4.1. 248-2^.7. "160, 
"1112 •Iti.-i, 2,-i!l, *ir>8-T7. 203, 
20,i-207, 209-272. 274. 270-278, 
•170, 280, 285, "183, 288. "185. 
■201. 204. "103. 344, "221. 360, 
4n,-)-409. 
nu'iliilhirv, uf coqius mnniillnre, "178, 277. 
of nucleu«, anterior tlialami, 'lOO. 209. 
nibcr, 278. 
Caput elf eiiniu jiosterius, "234, 374. 
Iori)ici-j, °I44. 

niielci eaiiiiali. ISO. 2.".7, "171. 
Cnrpui, fi'riter. '"148. 

Cavitv, cenlrnl. of intcrlirniu. -i.>, ''2,'>. 126, 
127, 
ccnOiellar, "21. 
cerebniT, *2I. rtli, 162. 
(-raiiial. 52. 120. 
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^^^^^^^^^^^^^H 


1 Cartty. toolulla, *2L 


Cknter, rartic«!, ««Tr«, i>l(ni-lnrv. Iftl. ISS. 1 


■ Oil. triixriar *i^- 


171. 1T4. IfiW. *I4U. '£2U, 240. J 


oplle. 13d. ITS. 170. * 14». 245, ?4(t, 287. ^H 


■ riniki-'s mliiniB, *i\i. 3&(l. tHH, 357. 


SH8, £IH, * IIW. 4 ItJ. ^H 


■ cUiuUuiii. iM. 


■mar. musciilar. 200. ^^| 


■ ooouaiMurml. DO, 70, 71, BO, 9i, MS. 360, 


wiMlbmtr. S£5. 22<L ^H 


■ 3S». 


•en*ory, 170. im, 24«, 247, ^H 


^1 <«niii Aiiiimini«, 'V, 29. 


unrll. I'l, 21». ^H 


^__ cortit«!, IM. tCT. liW, C31, US. »6. 


■|M4ch (MiTiMt, •14H, S40. 247, 207. ^H 


^^K I>«H4-K*, 17, VS, 237, 3£8. 


laut«. 'Its, 37a ^H 


^^^P "donal" ejrvlavtomM, 73. 


■nodiillnrj-, UMwUttnn, P4. ^^H 


^^^ «piUielial. lU'iiral («tmil, IS, 16. 
■ flWn of MauUinrr, 94. 


ooordinaliun, 100. ^^H 


M{uilibrium. 04. ^^H 


^^H liMltrtmi. 'i:il 


CcfntruiB (iTali*. U-^lon. 4113. ^^^ 


^^^B nanictiuii, (j»>arriitn, 3M. 


«■Biiovalr, \M. -124. '127. 210, 237, '1B2. 1 


^ of cnrd. '19. »32 334. 340, MO, 3<7. 


20L'. M04. M76. 1 


ganclluoir, of rar. 40, 92. 


CW^beltttin. «. "18, ftO. 'SO. »2«. M7'M, '44. 1 


of iwtw. 311. 107. 


lOI-tn. 'M. '63. '71. '74. '70. J 


•■Kvrm cvlb." •!«. 
"hMir-«*-!)-," itUu acnstk«, iO. 


■fiO. *83. IM. 'SK. 'IW. 'OS. 100- ^H 


1)0. 11:^115.1:22. I»j-.*144,*IS2. ^H 


iiv _>vi. 


£93, MtK), »m, '20», aiS-331. ^H 


irl.i ..f. 3W. 


•830, *!!:37. *241, *243. '244.3SS, ^H 


labvniiili. .t'JU. 


soe. ^H 


lavsr, granular n-rtOwlUr, 330. 


HMdolitio-abcra, 110. ^^| 


sUsU. 33U. ^H 


hx*Uii rirnilru*^ 3IKI. 


ooII'liUtJ-. 10.1. ^^1 


uiitnil, ulfui'lorv c«rtpx.. '142. 


(*nlef of «>>urttliwlluii. 110. ^^^| 


molur, ipujtlioBtc. *fl. £3, *37, 7^. M, «I, 


nicitullarj, lUft. ^^H 


337. 35«. 340, 'at». 'A". 341. 


DIUMHr-kMIU*. 1 10. ^^H 


3SA, »a?. 302. 40fi, 400. 


«unaerliMoa. 110. 32&. ^H 


nuraua rarmtmix-. ulUrturv, S13. 


mrlml, I4A, 31^33«. ,H 


ntunvflii. '4, S14. 


i-onl. »i-inul. 00. 71. 110. 315. ^H 


oUiM-l.*y. *IÜ, Ur, 2IX 


rtifiTSu i-mltal«. I7K. ^^^H 


pictu>>nln], wrt'i- ii-Uculuui, *17- 


l-vrf>ii> <>|'lii'iiMi, SO. ^^^H 


polv|!.>(ia1, läüi. ru. 


fllmr ilrflliilil-. H3. ^^H 


Plirküll»!. '47. 104. "M, 110, »11I-321. '20», 


hy[H>ilinliifiiiik, 134. ^^H 


^^^^BHSMOii^ 380. 


iiit«Tl)nin. Iin. ^^H 


^^■^■^■■■■il 2P. IM, 827, 2Z8. £3), 23«. 


meriulU. IUI. 310. ^H 


■ «III 


mMlirHin. no. 122. ^H 


■ ntina, «1, X)I7. 


tMTTP. auditory. ftS. 03. ^^H 


■ MiMon-. «aiiülianip. IS. SS. 3ft. 40. JW, Ot. 


vmtihiiUr. 40». ^^M 


■ 3:iu-341. "Zig. 33ß.3£K. 


nuHrii*. BiMilnry. 01. IM. 3«1. "j^l 


H ■ulMtonlin Li>Liciii«« of ItoUmlo, 341. 


Brt-litj'iw» . .TOi. ^ 


■ *2I». 


nitiFi trit<i"'iili. lo7, 1 


■ nwni. ^*3. sot). 


KtVfKirs [inr^ntoKiiitrM'. 88. ^^J 


H •Jrn>|<M(ilctK;. V< CQTl]. 33.1. 


Uigvitiiiuit. m 105. ^H 


H «yali-m. pcfi|ili<'ritl nrrvou«, 37. 


alivn in(«noT. U8. ^^^| 


■ tvi-v. 20, 21. <U, 


tii|H>ni'ir. 4(HI. ^^^1 


H Oliul« (ummittiunilc*, '33, SV, 80. 


p«« fHHlunrull. 31ft. ^^^| 


H ConWr. M'irtM'llum. niuarli^-tuiiu». 110. 


poM. 2MI, 311. 315, 385. ^^1 


^^ TOlil. *|>lluil. Iftnrliul i>li>lUK. 34Ü. 


lenuctit iim. 31A. ^^1 


^^^_ tiPivra. iiiiiliir. 3^1, 


IdTii rliotluMn iBftviur. '37. ^^| 


^^B rt-ltni. .13(1. 337. 


UialamtM. 3lß. ^^| 


^^M ikin. X-UI, 3:t7. 


ro-onllMliwi. 104. lUA. ^^1 


V fnrtif»), 3*1. 'N*. 'Ilii, 


ForptiA. K* <iir)Ki». ^^H 


^^^ B»«.«!!!!!!.»!. 17.1. all). 24«. 247. 


cnrtrs. *pc rartrx. ^^^^ 


^^H *^Vt. 


drvrlojiuimt, IUI, 102, 310. ^^| 


^^^K uiriri<ir> jiii'luir^', 173. 


L)itiiioi. 101. ^^1 


^^^^^inuiur.'U. i.iV*. -I4H. *I40. «US. 


(IWhm- of, 32f . 330. ^H 


^^^^^^^P .tt>' 1 V r" . 


nnlHiliia, 322. ^^H 


^^^^^ «Hditorv. *UH, •1411. *8M. 


bcJM<-uu<lflli«, •&& ^^H 


^^V fotial. 2111. '\W. 'UV. 22&. SSI, 207. 


(mitnlu. *3A. ^^1 


^^H 'SSK 


Ibi* ■•itiirimilar»*. *:ti>l>. 210. ^^H 


^^H hjri-vt»«). *■*»■ *IM>. SZfi, til, 807, 


Bann«. MX* flwiirt-H. ^^H 


^^^^^ 377. 40«. 


iMniMUn rrn'WIll. ^^H 
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OnbHIiini. hiDriioi). 102. IM. IDS, ]10. 

liirttoliiJO'. lOS. 3211-323. 3211 

laminn (iByrrl grniiulo*», *47, 104, *Q0. 

[iif<tultari*. 104, S2i). lUI. 

molfPMlttri«. '47, *U0. iWU. 111), 
lilvniliiiv. :iät. 
lobn, 315 31(1: k«« Mut. 
Ituctoiui, MC niiclctiiL. 

pediinelM. mw latluBtl». 
pltyliifini.v. lie, 103. 
■FcUoiis. £S0. 

frunlnl. .12*. '21», "212. 

hurienniHl. *£(■». 

HgiLliil. ■!)), Iä2. SIR, '2011. 
nttttniicc (niHUjsr), gnv, 322, 323. 

while, 318.319. 
«rfo», liM, JOS, 307, 31*, 31«, '2i)3, "204, 

wimmtinL. 101. lOS, 

tumor. s,vni|iLi>irift, 330, 331. 

typ«, ins. 

mlvHla. -3(1. lOfl. 107, 'CS, VtS. *««. 1)5. 

vrliim. «* vi^liim. 

vrrniin, iiri. IDA. UlS; wf> Tprmi«. 

HHiA gmnuloiui. :i'jO. *2'tT. 32S. 329. 

Biolerulari;.. 110, S»rt. '»O", 
Mine o( dcciimation, *210. 
CcrtbruBi. HCITK. 

•p|>«ralui>. olfactoiy, 144-153. 
b*M^ 'IM. 280. 
l>r«m'C*nl«r*. primury. 173. 
raiiitiikMurv*. »m- i>ifmmiHiiTn«. 
mjtivnliitiiriK, IHl'JUi: tt'f al^n j[vrUi. 
rarpiu nUiatiitii. IS.t l.'iH: m* Ulim corfuo 

■Irintiitii. 
«wrtrx, lCT-174. ■.;-.'7-234: »ee alio mtlex, 

cvxvhm\. 
detvliipiiinit, 4'Gi. 
flfourei, 101-24*^ M« itlMj GsHum. 
1ny«r, sulxorticn], tiic>liillMr>-, 140, 
I^OiiF, fyiiiptoin«. 40Ä. 
innnti» ipnlhiimK I.Mt tns, 
luorplirtliijrj'. 1M207, 
Twlxlion tn loH-cf n>nti>r8. 14&. 
•«rohcllum, 145. HIJ. 320. 
fiili>rt>rajn. 13». 143145. 
tnidltmin. 149. 
•chrtiui. I4Ü. 
»eiiic-ii, 'I», alt. '«4. 

frontnl. *2, *i2. '104, '120. 248. •288. 
alructiirv. 184-lPl. 
•uki, *er «litci. 
HiThfi-. 11)1.21)7. 
vrDlrii'lf. ruf vi-nlriolr. 
Chorda tyinpant. relation U> glrwAo-phitrya- 

ff-us, S7H. 
CliUtni«, oplio. 'm. 'SO, •7n. 119. 124. 12C, 

•70. 128. 'HO. 137. 13fl. •«7-^9l. 

140142. •9«. '104. *I13. MM. 

•120, IXS. -127, 197. '135. 241. 

•102. •108. 2«. »174. 27B. 'ITfl. 

•ISO. •\Sl. St«. '183, 2M, "105, 

410. 



Cilia of «pltheliuin, c<*ntrn1 cnnul, 340, 
Clngiilurti. *144. 220. -.'3». '100. 'KO. 2«. 

•17a. 

Circulation. disturlMnera. IcMon of ntedults, 

40S. 
ChiiwtrMin, UW, M27. \W. "leo. 250. 'lOS. 

•|«».'IT1,"172,2«6.M73,'I74, 

277. 
CImvr, 973. 

Oett, brKD«hliü. 57. 58. 
viwfir«!, *ma. 

Cwhi*«. 10. "10. 01. am. -247. 

CollAtvnil», 21. 24. ^. 02. I». 0». 03. 142. 143, 
in. 231, 23.% 247. 2HT. S13. 320, 
320. :i41. 343. 343. 331. 3.^2, S6S, 
.157, 3S7. 31M. 307, 400. 
Cotunins (cnlumnti'l of i^nrd hikI medutlA. 

■iitprior. 82. 24«. 30Ü. *2I«. 341. *2S3. Sfil, 
35«, 35S. •2ai. S«7. '2M, 3S3. 

»otero-UUnil, 71. '223, 351, 350. «235. 37». 

BunlMh'», 34--34a. *22ft, 350, Sii. •233. 
3Ag; w>« iilM> fuiiirulii« cuii«- 

«tUA. 

ClHrlce'ii, see TMiinibir, of Clarke. 

coniTna, 354. 

doreal. gray. «3. «4. •2ft-'ai. tW. NO. 78, 70, 

•41. 
Ooirs. 347. 348. '225. •22it. 3M. 332. "«OS, 

3001 *rc klim (unit.'»!»« fraeilU. 
. UUml. «8. UW. 121, 24«, Sa. ■216. 341, 

•23t), 344. 34.".. '223, 34a.3.'i0. 

354, 356, 358. 3ini 3iW, 373, 380, 

3«1. 
notw, Tnc^lullu. ((.'>. fU. 91t 
iKMterior, 7ft. 7«. si, »S. '13, ICfi. 272, 319. 

•21.U. 21CI. 341, 344. 34«348. 

*22.5, '220. :»l. ;i,V(S,'i". MO, 

307, 3HH. »234, J7Ö 3*3, '23«, 

374, »230. 377. 370, '241, 382- 

384, 307. IM, 4M. 
Boliiiltse'a. a«. 
Tarck's, 72. 
ventnU, gruv, (W, '28, *29. no-««, ■*«, 79, 

•41. '43, M. 
vf^kulnr, of <lArkc<8tinin|[. (tO. 328. '210. 

341. 349. 3Ö.i, 357. 4(W. 
COluiiiiw foraiciis. 172, '12.5. IRII, m7. IM, 

•144. '172. 21». '178. 27». 201. 
CouimlMUrn nnaiilaUt. 1T2. '123, IM. 187. 

IM. -I«. •172. S«8, *I78, 279. 

201. 
anterior cvrehml. 3. *\9, Tfl, '84. *m. •». 

•08, •100. 16«. 155. -lOI. «lU, 

171. 172, MSft. '121. •123. "ISB, 

187. •127, I!»«. 107, 216. •144. 

•164. '157. 241, 242, 'im. •1*5, 

•IilT. 'HI«, 'IT2. 2B7. •174. 2«0, 

•176-'I7!>. 278. -ISri. -IM. 'lOO. 
«pinnl. '30. •31. 70. TI. 337. •2t«. 301. 

3M. 3M. 3S». 
ttilnlii'. *M. 
Miiiiii, 323. 
cerebral. :;27, 2-H, 242. 
cord, «[►Siial. dl*<-«very. 4. 
ntmu Atiimoni.-t. 171, 217. 
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Commissura, corpus cal]o9uni, see corpus 
(■alloaum. 
cray-liDh, 20. 
epistriatic. *101, 
R-itsch, •So, •»!. 
grisea thalami, 132. 
Gudden. !38, 200, MB9, 285, '195, 303. 
habenulam, V20. 127, "76. 129, '79, 131, 
•80, '93, '95, '»9, '114, "125, 
1H8. *I44, 276. 
hcmisplicrps, 159, 100, 172, 241 243, 247. 
inferior (Gudden's). 285. *195. 
iDftntlc (pallium), 108, 172. 
medulla, doraatin, 75. 

ventral is, 80. 
Mejnerfs, '141, 2Ö0. •169. 
mollis (media), 132, ■I25, 188, 250, 260, 

2Ö8, "174. '170. 
optic, 143: nee cliiasma. 
po«t- chiasmatic. 138. 

posterior cerebnil. *18. 115. 110. 122, 123, 
•73, 125. •7(1. '86, '80. *8e, '95, 
•101. '114, 'lis, '172. 125, 188. 
189, 2flS. ■nil. 304, 305. 308, 312, 
31,1. 317. 397. 
spinal. ''2li-':H. 6«. 72, ,137, "216, 348, 
.3.W. .172. 
Conariiim, •12.~i. 27<i: sec also epiphysis and 

glandula pinealis. 
Conduct ion -pat lis, 356.158. 
Conductor, sonnroiin. 388. 
Consciousness, 208. 209. 
Contracture», miiscutar, lesions of pvramidal 

Iriicts. .101. 
Control, «rnsory. 44. 
Conus frontaliH {lullii. 109. 

temiinalis. 334. *2I5^. 338. 354. 
Convolutions, we also gyu. 

anatomy, comparative. 210, 223, 224. ' 

brain, base. *)3.^. 

BrocR. 400. , 

central. 205. 
literature, 223. 224. 

relation to intellectual »lalns. 205, 200. 
Convulsions, cerebellar tumors, 331. 
Co-ordination-centers, 100. 104, 105. 110. 309. 

3.i7. 384. 
CoraeO' brachial is. spinal n-nter, 336. 
Cord, spinal. 41. 47. :"i7. «2-74. M7. •39. 2,'i2. 
■182. .117. •211. 332. 334. 338. 
303. *236. 
association-bundle». 345, 353, 35R. 
ftuthoriticB, 350. 
cell-groups. 339. 340. 
cells, peripberul symjmthetie, 3.1.1. 
centers, lor extensors of arm and hand, 
340. 
flexors. 340. 
niu.sclcs, 336. 337. 34«. 
reflexes. 3.10. .137. 
serratns miifrnu». 330. 
skin, sensiition. .1.10. .137. 
eolumns, se<' ciiliinms. 
<-i))Tim)stiuri'S, sec commissura. 
degenenitions. ,140, "228. 



Cord, spinal, efTect of removal, 100. 
efficiency, lower vertebra tea, 47. 
flbers, see fibers, 
field, oval, 354. 
flasures, see flsssures. 
functions, 70, 75. 336, 337. 
horns, see cornua and horns, 
intumeseentiH! (enlargements), 47, 67, 

.134. 
lesions, 334. 345. 346, '224, '228, 360. 
neuroglia, 343, 344. 
nucleus, see nucleus, 
radix or root, see radix (root). 
reflexes, 70. 71. 
centers. 336, 337. 
paths, 355. 
reffttion to cerebrum, 74, 145. 
midbrain'roof. 116. 
sections, '3, "13, 337. '216, 217, 344, •223, 

•220, •227. 354, '230, »258. 
sixe, 74. 

structure, 02-74. ,144, 359. 
substance (matter), grav. 63, 338, 351. 

white, 63, 337. .138. 342. 
surface, •215«, •215h. 
system, mot^r. 00. 68. 
terminologv, 70. 
"tract-cells'" 358. 

transition to uiedulln. 363-366, 379. 
zona, anterior nidiculiir, 350. 
lateral niar);inal, 35U. 
marginalia. .15.i. 
spongiosa, ,155. 
terminalis, .IS,*!. 
Cords, vocal, tracts. 240. 
Cornea of epiphysis, reptiles, 127. 
Comu Ammonis. •», 29, 152, 170, 171, •11», 
•120, 177, •123, 180, IB9, •!«, 
200, 212, •Ml, 215, "143, 217, 
218. *I44, 220. 220, 234, 23S, 
•154. 230. '156. 239, 242, 243, 
•158, 247. 249, "Ifll. •185. '176, 
•176. 274, "177, *I79. 278, 283, 
•185, '188. 292. 293. •191. 
Cornua, cord, spinal, *m. *9i. '223. •235. 
Corona radiata. 3. 1.15. 173, 176. 178, 190, 
•1.56. 24.1247. ^159, 24S-262, 
•103, 2^^1. 257. 259, '168, 261, 
•169. 264. 205, 'UQ, •ISS, 290, 
290, 407, 
l^^^püB callosum. .1. 7, '1, 53. "24, 160, 172, 
•124*127. 184-186. 100. ■132, 
190-198. »133. 200, •135, 203, 
211. 216. '143, 218, '144, 220, 
•I.IO-'I.W. 240242. 240, •lOO, 
24». "102. 254, '106. 258, "188- 
*172. 2114-208. ■174-^17fl, •178- 
•180. 283, 'I86-'189. 290-2ft4, 
•191. 
canilicans. 'bis. 274. 

dentatus o-n-lx-lli. 299. •193, 322, '209, 
320. 328; see also nucleus den- 
tntuH cerebelli. 
fimbriatum, •I23, 
fornicis, 180, *144. 220. 
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Connu »Bimlnluni, 'TO. *T1. "!&. 134. *83. 

•84. 13«, 142, '177, 28S. 21*1. 
fxtrmtini. •70. 
lalfTale. 'SL, *d2. 133. "83. *92. 143. 188, 

•Iflß. Ä69-2ai, Mid, *177. 482, 

283, 283-200. 'ISS'lSa, ^»7. 208, 

•Iftl, 'lfl2, MM, 'IflS, 'HI, 400. 
mediale, 133, 'l«s '182. iSi, *183, *18S, j 

S&9, 20O, *1&4. '»I. *192. S»8. 1 

•1U5, '1118. 408, 
IiBbrtiulae, 12ft, •?». 
int*rpediinctil«n», »4». "Oft, »Tß. 131, '»a. 

•lU, '1«, »aoiffl: •«! also 

^ngliim intrrimlunruinn-. 
Luy«. "17». '177, 27«. 
nmmilliin', 132. '113. *120, 172. '141, *144, 

2iS. 22IK til. •!«». 2IW. •174. 

•I7a-*17rt. :i74-277. 2S1I. 'ISO, 

•IllO, im. •IUI. 31)5, "lOe, 309. 

■201a, 312. 
oi-ticura. '2$. 56, *3r. '307, MOB-'na. 
pinpalc, IS'. ]8(>) iix- roiinriuni, cpiphybtt, 

mill c'^ndul» ]>in<?»1U. 
posLicura Imidbnim}- *'i- 
(Hmdrtgwiiinuiii. .1. "H». BO. '21. 113, 143, 

•12S. 187, 18i». '144. Sä*, 2S7, 

278, 27ft, asa-aoo. '183. aw, eon, 

•I». '101, 2»7, 2W. Mas, 3M, 
305, '107, "IW, 310-312, '202, 
31*, 31«. •2(lft. 318. IK». 3M. 
330. 3Si. .170, •23«. 373, 384, 38«, 
368. '2Ba. 401. 40H. 40». 
nnuriut, *a&, 131). *lilä, *lit£, 2M, 283, 
•183, 287. 288. 'IPO. 1!!W, 294. 
an. •1ÖI. M7. 218, »IflS, MM, 
1(13, 3M. •190, 3i>8, 350. 387; »eo 
bmi'liliiii] unt^rlu*. 
poetnitii*, *0«, 114, 124. *IS2. 2SI. 285, 
"IKS, '187, :H)n, '194. 'üOlil. 
•2016, 313, •247, 387. 3S8, 400. 

»illfonne. '84, IS;. 'IBS, »isa. •204, 315, 
•2ifl*212, 32Ö.12H, *33t, *23«. 
•23«. .17«. '2*l-'243. 381, 382, 
384, SS5, '244. '24*, .388, '247. 
3»0. 391, 303. 3ffTi we also 
l»edUDcle, Inlprior wrebellar. 

Btriattini, 3. 47, '20, iW, 51, "22, 53, M. *25. 
6«. *3r, '44, (I.). 123. 'm. 132. 
134. '83. "84. 130, 'S«. '87, *88. 
'M. •«2. »03. 'tta. 1*4 160. *W.\ 
•eS-'lOO, '102 * 103, "107-*112,, 
1«,^ 16.5. 16T. I6P. 'IIS, 'll», 
•121, "122. 178. Ift3. -125, 187, 
18«-m, M27. 'HI. "1«. 280. 
•IS4. •180. '161, 261. '160. 267, 
299, 27ft. 272. 274, 277. S78, S82, 
2Bfl. '11». 

»ul>Ü«l«mi»-uiii, 123, 'l«?. •17*. 272. 274, 
27«, "178, "179. 278. 28T. «88. 

sue. 

tnMWidM, -Sa. 93. M, '141, 311, 318. '20«. 

•a4&. 

Cortex FffrrMli. »I, 109, 106. 318, :iin. 321. 
■«07. *S08, 32£. »0, 320. 
ventiln, 32», 327. 



Corti'v rMi-l>ri, .M, 72, ■»|1. 152, '103. M04, 
101, 103, l<sa. 100, lOi, -124, 
"220. 
wlb, artiuiKi;ni<.iit, ^7. 
outer In.vrr. 231. 
[folvKunnI, i2ä. 
Iiyruniiilal, •U. 20, 163, 227, 238. 231, 

2a& 

ilcvtlo(>in*nt, BM. 

donw-iiipdinn mm, •)03, 160, "US, *I20, 

174. 
fibü«, 227. 233, 290. 

Uitii^'nUal, 108, 100, '118, 227, "ISI, 
231, S32, '154, 230. 
ßbra) pTOprw. 237-23S. 
forebrain, »tructure, 227>237. 
furidainiiit. 106. 205. 
hntologj. aJT-SST. 
Injurv. i-lTnl iif. 224, 225. 
tate-mlw. '118, 
Injcr. iininh, 228. 
incduIlaTj-, d«p, 227, 231, SM. 
»iinlrculAr, 169- 
wUl«T, 231. 

pj'niniilal, 16S, 227, 231. 
eccond. 231. 

•ubeortinil. 108. , 

langsntiaJ, 168, 160, 'llR. 
Jitcntuiv, 247. 
iiet-woik. intiMTHdiBl. '151. 232, 833. 

miprnnidiul. M63. 232, 2.13, 23S. 
iii-iir(i|[li«, 230. 
phvlogrnj, 174. 209. 
phj-sluloKy, 173, 174, 206. 208-211, S£4- 

220, ;^3. 
]iUtc, dorul, 109. 

UUia). lull, 
rvdii (lavs iiH-Jullury», 210, 229, 232, 

233. aw. 244. 
«|>et-i«li»ti(>n, 173. 
atractu». I«7, 188, "117, 227, 'ISO-'IM, 

220231, 233, 31«. 
U'ffight. ilntn. 200. 
coruu AiMiiiunti. 234. 290. 2.-1l>. 247. 
tluun) ralntriiu. rrviun of, 234. 
gj-niR ci'iitrnlii,. *IS3. 

)iiii{iuiTiiiii|>j. liiv. 220, 291, 
iiiMilK. 200. 277. 

oUaclorjr. £3, 131, 'IflO, 160, 100-172, 174. 
201. 213, *M2. 215, 217, 221. 2M. 
292. 
CrisOt acurtio, 40. 400. 

Cnu, antürior, cnpautu intfrna, "170, *I7I> 
cwbri, 188, 242, 'ItH. 2M. 255, 263. 2M, 
•ISO. S82. 283, '182, 287. 2*8, 
*l8ft. 201. 204. 3IK)-40li m>« »lao 
|)n]uncti-, cviftinil. 
RMtuniMarm nntntinr. I8V. 
forniols. 180. 220. 201. 
Criula, 2r»4, 203, 27(1. • 102. 302. 30«, 311. 401. 

4O0. 44)7: SPT pM p«(llinculL 
Cubitu». r«Bt«r. coitkal. *Hä. 
rulnicti inüDiinili. 310. '203, *2I0. 
(iiiioira, M33. 1l>8. "135. 2U. 232, 24«, 286, 
202, •IW». 
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DHlIrlty (<lM?lh'«), wirVIluDi. 31«. 'SOS. 
Uvcuwuitiou, buiMlli> a[ \ti-j'iM>rt, 3UU. 
»n-Mtar, duraal, 110. 

titrdtnti. *ttL 

trNlnl. im. 

cblumo, oulic. I3& U2. 2S2, 410; lee 

vMBmiwunt ai)lcrlor, certbcllum, 'SM. 

habcnularm, IHA 

wntrali*. fiiiriMl c«(d, 33. QV, 7t. 
Mrd, t|Hii«l, n>ol-jr fltK-ni, W, 69, 71). 

wiiMry, «ß. awi. 
eorniu Ammanin. 1111 
fascli-ulu« iT>lioll4'\u*. III. 133, 306. 
Otier«. arrifnmt, Hl. IHI, am. 

DaditoTy. 1>2, '^.l. Wl. IIM. 387. 

jBl(Miü-)ihA[vnir-a). .tTB. 

iillnPliirT. im. 21.T 

[inr-ii IUI VH> trie. ST. 3T!I. 

tricrniinal. vH. .tOA. .104. 306. 

tiwblMrk tft. 'SO. '«(. 108, IM. 121, 
:i13. 'aoiik. 

Abrw acUflKO'Kpinal», 82. 

Ill« <)IUrt»rin, UA 

flifet il*miiU«iu}, *iia, 3eH37U, 382, 900, 

408. 
fornix iMiffiu. i2a. 
"fouiiUliillko" trfrttumtuin, 308. 
k/tM)tknlnrtil««. 'K. 2i6. 
"~ lOnituiiiK dccii mpdulüiry, 117, *7a. 

124. 'HD. 301. M8. 
HnMlulla, ariuutv BlicriL 3A0i. 
mhll<ntin. '07. UN. 1^. 
|M«luacln. (Tivbrllar, niiln-ior or wuprrlor, 
'HA, 122. *Hi. 137, SDB. 'IM. 
'20Iy. 320. 30», 100. t», *260. 
cwfflir«!, "197. 
]xi«l ckiiunialic*, *lt7. 
IMMl-nplicM. 'M>, *fl(l. *()5 
pMllpHiiiii, SI8. £N». 

jijrraniidi, ■»■ d>vu>MiliiiN (nirt, pyramitlml 
Tm|i1ie. idmIdIU. M». AI, 

(vgRivBluiii. MT. IIH. ".Wlfi. SOH. 40.T 
ngio rubthalamin. 272. '170. 274. 
«ipni Inlniiaitiularii. 132, 136. 'liT. 'DO, 

tc-nbi lialKVulff. 270. 

Ua«tU-> rrn-lirllo^l^iiiml^la, IDS, 3tl. 

I. ' ..U(i.. 131. 13:;, XM. 

r It iirrvi ln|ti>inlnl, IflO. 

|Uillll. t'l, '.'.l 

prnitnhliil. K3. 'IW. 33i>. 3.^. 344. 340, 

•ai. •23i. aUftSIO. 317. 402. 
U-jdHPnlo-rfrrUllarta. '60, )»7, 1«. '9L 
VMflo-lerlmli», M. 
Iraiwvrtiw. *;£. 1*4. 133. IStl. ■ftT-'HI. *»S. 

iiihrtrlr*. auilllory, *M. 

tllbrri». *»). 

valvuU-, ■40. 70. »lU. 

ivll. *M). tflft, I'Jl. «or drcuiaatian. wrrt, 

fDtmi^tifmjnnf, nrntvllnn«. *tl0. 
' nitivtirnilJA». ivirlH-Ihim. 322, 324. 



iJogPiifnuirtit. i-i-jrd, R|>Itia1. 108, 
U:. *2Ü4, 340. S&l, 
300. 
gaiijiU<Hi-cirIli, 0, 7. 
nninin, ä3. 
pBiU of oTPbrun, IM. 2S7. tSt. SM, ML 

»M. 

!'■ p<-du»culi. £00, 329, 

trtcu "l'Uc,, 7, S«7. 2W. 

pyroRiidal. »«0. *22l, 344, Sit, 333, SM,, 

3«7. 

Wall*rian Inw , fl, 7. MS. 
IfcRewnHron iHfUiiKl, «. 7, 0, 07, W, tt, »1, 

I»:. 10». 141, 142. lu. IM. rz, 

2s:, 

IVfllHitimn. 37«. 402. 403. 
I l>rltoi<|. »[Hnal r<-nl»|-. 330. 
»ciidril.-.. HI-SA. iÜ.'M. "15. "I«, «Z. BS, 73, 
IM. II«. 124. 134, »43. 147. IM. 
liW. 213. 227, 231, 2.14. 336. £3«, 
' »m, 321). .ISK, 

ODvalojMwnl, brain, i'-ti\. ü3. M. 
wrUx cerebri, St*. 
nuRUa. 4], 14«. lil. «lOO. 177, 309. 281, 

822. 
Un-i'M, (Vf4|ilii-nil, M, 
•pina), wnfton-. 03. 04. 
l)eTi>Iii[inieiil-t»rliml. 0. 12. »1, 107. 1B5, fitT, 

2»». 
blapbi'ifmi. »plital rtnlrr. 330. 
!tiMKTjdial»n. 'IB. '20. •7». "Bt. "100. 
Piltili. TOttit-al (iriitTr. '\4li. 
Dbk. choltrtl. ii-rrlirlUr Inmon. 331, 
Divtrlkuliuit. foiirtk tvutrirlr. *S3. *H. 
Donuni Untp», Uabt-fllam, 370. 
Oara mahY, 'UM. 
DytATthna, 403, 4». 

Far, *ie, 40. 30. Ol. OS. "140, 301. 

KrioHiTin. 30, 

ICnihiiln^wtThflll, St2. '»f». 

KtiM-oi*. iwiTlirllitT ttimor 3SQ. 

KminpnUa Um. 370. 377. 

KndapiNinlui. prinMr>-. nf bnin. 176. 

En<l-piatn of nrrvra, £1. 23. 24. OD. 

Knlnrerinmi', «plnal, am iAtnmnmttür, 

R|>*n<lvitia, M«. 38«. 

KpiUÜt, U, 4». 

IC|ddrnnb, M^unr^ clk, 30. 

K|>i1rpa>-. 338. 2X9. 

KplphjaU. "W, "Sn. »SA. "37. 11». 127. '7«, 

12n. ISO. '70. "107. "lOO.'Iia, 

'114. 'IZA. im. 'IM. 276, "ISO. 

205: *■(• »\ao ronarium itfut 

irUmliiU iiini^tt*. 
Epülriatum. 'N«. '9t>. *-JT-*l01, I4B. 151. ISZ, 

•108, IM. IdO. Ml«, •!», BIOl 
Bpillialaniiu. ■7ft. 120. 120. 130. I3L 
Kplfk^llum. rvitlral ranal and vratrirlra, IQ. 

•5, «3, 7«. 1«*. Sin. 213. "IIZ. 

SU. 230, S4S, 8<n. 28«. 310. 344, 

SJB. 
tlauUJMaai. 30. 44. 70. Ol, 04. lOS. 10», HO. 

100, 3HI. 400. 
ErMtiwM «pinp, «iiinnl M>nior, S37. 
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KvolutiiMi, rcMfSitlioii, 3S. 

niodiilln, from oirO. Ml 3DI). 
Kxpcrimciit of Wulkr, DM. 
KxiJ-rnuirB, spinrtt wntpr«, 336, 337. 
ExtrMnltio«. porticnl wiitrM, 'I«, *H9, 281. 

iiiotnr Irni-L, *11I3. ML 

SMiBorv A\»n. 34t). 34fl. 
Kyp, 140, .tOS. 4011. 

pnrioiAl, 12': *««> ^Iphysia. gUndulK 
{]!iii»,lU, ami Lunar ill in. 
EycbBlt, 130. 

Ymoe. porlif»! <^n(i;r. •Hl>. 

Dprvra, tactile, 400. 

rt-Bex, vcnsorv* motor, 307. 
Kaw-muvculutiirc, low«- vcrt«)>ntlM, P5. 
Fscialia, *** ti-rvo. fnrisl. 
Fade« MtulaÜN, ccr^Mlar plat«. *36. 

frtintJitie. '»6. 
PUMa dratxtft. 200. 2ltt. 
Faapjcitlua a ntvro- lateralis. in«lulla. *244. 

«rciintiis, 23n. »me, 'ITO. -171. 2(13. Slid. 
207. '173. 2Ö0. 

■»odntiin niicH rnmlnti. *125, •IB», *I7a. 
■177. 

(»»Iji-Ilar, 321, •SOS. .122. 

poHico poniilr, 311. 

eor(iL-<'-Apiui>l. 34tt. 

fronto o^^Hpilul. ^li. "ITI. 207. 'liS. "179. 

longilmlinAti« dot-uili«. 3Tl!. 377- 
inlMior, '154. 23», •156, a*". »IS». "ISfl- 

■1811. im. ana. SM. aw. 

poatcrior, 71. •3». »42 M4, 82. 03. 51-54. 

nn. ■»«. «.V u;. 'ts, is2, I23. 

•73. 124. '7«. '83. 13«. 137. '85, 

•87, •lU. ■115. '144, '17,5, •177, 

■17». 27«. -lOI. "1112. -Wl. 305. 

■II>7-*IMI- 3«8. •20lfi, '2016. 312, 

313. •202, XVt. '243. 3*3. '244. 

'245, *24". 380. '248. '2Bä. ■JSS. 

SIN). 4ÜÜ) iter tUsti liiindlr. 
mjierlffT, 305. 
acd]»iUH(r<iiilalia. 2(M- 
oiraciory. MB. 150. ■(«. 'ÖB. 
M^iyrffMUf., »80, 131, 132. »Ml, •144, •177. 

•101. -miSOB, 'lOO: H-.- A]to 

trariui hii>icnul(V[)oduncuUHa. 
unriiintiiP'. 23«, 'IftR. »171, 2tW. '17.1. 
Vfa-q d-Vüjr. iXi. '144, '158, 'ITO, •170! 

«■■■> iilk'i tiiinillp. 
'Faadoln diiMf*, 'ISil, 'Itr;. 21*2- 
FefL. aaibularral, n-lh-xinwenK^Ia, 35. 
Ftbcra. aMiKintion. W. IIA. X7A. 2.15. £17. 238, 

240, 247, 3&S. »Sa. 
BeTrioiinn-t>i-itiT. 32ft. 
roril, spinal, moior AImts, 3*, At), '33, 73, 

337, 338. .lAI MU- 
Miwory, 57. 03. m, 73, »I, 3S7, 332-334. 

341. 34ll-341>, 3.M aae, 31». 370, 

372. 
InhiMtory, Mr(tlii(<. 365. 
MnuUinpr'a. 70, !I4. 

iKrrvpB. naniiil. w« alao nerve«, cranial. 
auaitory. 100, 251. Sil, 388, 3W, 300. 

«19. 



FSbn-e. aervts, fncial. 251, 'ItfS, S«7, 370, 
400. 
i[{«M0-]>1iarj-nffeal. 400. 
hyno^iMMl, 87, 2ÄI. MM. 2B7, 37(1. 37', 

•240. 
oculo-inolur. *I9I, 313. 
oUadort-. 14«. US, 152, lft3. 171, "142, 

213. 2L7. 218, 221. 23B, 251. 
optir, "flS. 'ftll, 115, 143, 
pnciiinognslrir. 8il, 87. 375, 370. 383. 400. 
Hpitial ucrvaattrr, SüÜ. 374. 
I rigrminni, SfW, 400. 
U-OL'hli^r. 313, 
tranvvriw, poiin. 2KII. 308, 373, S8S. 
t'lbrr ■yalPiii, «»{«ulii iiiUrga, S0O, 274, 
WT*t*lliim, 315. 323, 
wrd. 317. :i&a-3H2. 

litPTatiir«', 247- 
corpu« «trfatURi. IM-Liie, *105, ''S5S57, 

•1«6, '101(1. 278. 
erusla. 311. 
dmliriii, 171. 
flikt, 2no. 
iniitille, 211. 200. 
tw-sliillii, 0^. 
midbrain. 110. 118, 276. 
iii-n-p, «ptir, 143. 287. 
lion», 311, 31a. 
wt-io». mi. 

ttjH'i'^'tiiiXi 'I'M- 
Hbr» flouitico-w^ral«, •29, 70. 
acudii^o *pnnlr«, S2. 

,irpuntA> (Hmr«niic«|, 3lH, *2.'U, 370, *S4I, 
.■WO. 3B1. 3Ka- 
PXliTuw, '112, 0», 10«. 367. '233, '235, 

■237. 37tt, '243. 
iiilrma?. 81. '42, '*3, »5. IP«. 308, ■834, 

•235. '243. 38£-3H4. 
intnicortiral« a. 2;i3. 
aiMQciat«- IjiTvr«. *43, 
ponti. 281)- 

prupriir, i^orti'H, 2.1' 23P, 
«cniicirt'Ulat««, •r^rvlft-Duai, *200, '210. 
Fibrilla! of mII und »cunucon, 21, 23, 2fl, 37, 

iCt- 
t-'iflii, aaaoriatiun, nmtiilU, SOO. * 

DUdlLorv, 92, 97, 'M. 

ulbwluy. IBO. 215, SI7. 220, S2I. *I80, SH». 
27fl. 282; «M aW> am, oUav- 
iwrj-- 
oval, mrd, Inmbir, 354- 
FlU oltarlorin. 22. 14B-HB. IM. -W. "Vfl. 

•IIW. 152. 212. "142. 
Fillet. "I. 72. 81-83. »0, »3. »8. »9, •flß. '«7. 
•71. 124. *ft4. 2S0. 244. 246, 2tf0. 
MM, aw, "175, 'm, "179, MO. 
*l»l. •1S2. 302, 306. 300. 312. 
313. '20e. 314, '20«. •2»3, 308- 
371, '«SB. '239, 381-384, *244, 
387, *iM, 300, 40U, 40«, 4«A, 
400; Mw al*A iMnniam* Ati4 

Intf-rinr. or tat^nl. '101, SM .UM, '108, 308, 
•tOlii, "^Ifr, 313, 313, Ki, 398, 
•253, 4IM. 
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Fillet, superior, or median, 202. 293, 272, •177, 
278. 'IÖ1, 21)0, 'las, 308, "SOla, 
•2016, 313, 3»7, 398, "263, 399, 
403, 408. 
Filum terminale, 334, "2166, 
Fimbria, 171, '120, 18Ö, '133. '134, 199, 200. 
'143. 218, '154, '108, '176, '177, 
291, '191. 
Fingers, cortical center, '148. 
Fiuuree. 102: nee al»u suleUB. 
anuftta, 202, 203, 221-223. 

aepti, '70. '114, 16Ö, 166, 171, '120. 
calcarina, '133, 108, '135, 203, 234, '180, 

203. 
cenLraliB, 103. 204, '138, '146, 222, 223, 

'18«. 
»n-betlar, 320, 323. 
chorioidea, 201. 202. 
colUteralls, 201, '135, '180. 
Lord, »piiial. '2156, 337. '216, 344, 346. 
coronafis, 221. 
t-rueiata, '147, 223. 
develojiiiient. 203. 
eLtosTlvia, 22.1. 
fronti>-0('C'i pita lie, 240. 242. 
hippocampi. 109-201, '154. 
interparietHlis. M38, 205, 222. M8ß-]89. 
limbica, 166, 171, 200, '141, 213, 210, M43; 
see also sulcus calloso-mar- 
ginalis. 
longitudinal, great, 101, ISO, 190. 
mantle. 221. 
iiiarginAl, 200. 

iK-cipito-fnintjiHs, '105, "18.'). 
DDtogenv, 203. 
Iiarieto-ocoipitalift. *120, '133, 19S, •136, 

•188. 203. 
pcrj>endicuiuris externa, 1U8. 203, '138. 
priiiiatj- or primitive, '22, 203. 
retrocentralis, 10Ü. 
sagitljil, 113, 221, 223. 
■imian. 198. 

Bpleiiialis. see sulcus calloso- marginal is. 
suprasvlvia. 223. 

Svlvii, '23, 53. IS3. 191. 102, •129-'131, 194, 
• 'no, '138, 221-223. •I45'147, 

204. '172, 'IBU-'ISS. 
insulii-. "171. 
tenipiiriili-'« Bii)MTlor. '188, '180. 
tnirMUirv. '130. 203. 
Fletw i>l Stilling. 381, 
Flexors. Bpinal <fnters. 330. 337. 
Flofvulus cerubelli, 317, '204, '211, '234, 

•244. 
Floor, interbrain, 187. 
met«nccphBlon, 310. 
of aquwductuB Sylvii, '106, 303. 304. 
ventricle, fourth. 373. 
third. 200. 280. 
Fluid, wri'liro spinal. 319. 372. 
Folium iniutiK'iiia. '203. 316, 317. 310. 

viTiiii-«. .Tili. 
Foramen <>[ Majendie, 319, 372. 

Munro. 126. 187. 
ForcejM. I'oqnis eallosum, 'l&S, '1S9. 



Forceps, major, 241, 293, 294. 

minor, 241. 
Foi-earm, cortical center. '148. 
Forcbrain, 47. 49, 50, '24, 114, 134, 145-179, 

•00, '97, 183, •126, '132, 201. 

208, 209, 227-237, 242, 243, 254- 

250, 258, '170, 276, 283, "183, 

•185. 
cortex, structure, 227-237. 
fcecüons, '102. 166. 167, '124, -167, •102, 

•165, »ISS. 
Formatio bulharis, 147, 152, '100, "113. 
eerebelli, 75. 

reticularis, 76. 83, 384 ; eee also substantia. 
Fornix, 52, 63, "24, 'SI, •lOO. "101. 171, 172, 

'120, *125-*127, 186, 187, 190, 

'132, 106, 197, '133. 199 201. 

215, '143, 217, 218, »144, 220. 

221, '154, 242-244, "158, 249, 

250, "102, "105, '168, '169, '172, 

267, 268, •174-''176, 274 277, 

•178, '179, 279, 280, •186, 291, 

*19ü 
longus, 218, 22(1, 242. '101. 
FoBBU rhomboidalia, 73. 313, '205, 310, 388, 

399; see sinua, and ventricle, 

fourth. 
Sylvii, '23, 63, 101, 204, 243. 
Fovea collateralia, 104, 165. 

limbii-a, 162, '113. 
Function, cerebellum, 102, 104, 105, 110. 
cord, spiTial. 70. 336, 337, 347, 348, 358. 
cornu AmmoniH, 226. 
coi-pua quadrigeminum ant«riuB, 285, 309. 

posterius, 285, 300. 
corpus striatum, 168. 
cortex, cerebral, 173, 206, 208 211, 224-226, 

240, 245. 
c uncus, 225. 
cpipbyais, 127. 
fasciculus lungitudinatia inferior, 240. 

posterior. 304, 305. 
flUet, 209, 30(1. 

foramen of Majendie, 319, 372. 
formatio reticutaria, 384. 
foniix. 218. 

funiculus aolitariua, 370, 378. 
ganglia, spinal, 334. 
ganglion- cell H, 31. 
head-canats, 05, 90. 
hy|iophysia, 281. 
insula (left), 225. 
interbrain, 134, 133, 
labyrinth, 91. 
line, lateral, 93. 
medulla, 94, 100, 
plexua, [wrijiheral nerves, 334. 
stratum {layer) medulläre profunduni, 116. 
substantia reliciilaria frontis, 315. 
thalamua opticun. 201, 262. 
Fundament, branchial. 50. 
cord, spinal. 88, 
(-■ortex, cerebral. 108, 205. 
euibranehial. 67. 
FisBUra centralis, 204. 



QBHBRXL n^DBX. 



Ilunmt, FrorUp's. 57, S», 'SM. 
tmA.69. 
hypophysio, *21. 
Kupffpr's. 6". M. 'iOn. 
Intcnil. 57. 

peduncle. ccrpbHlnr, ^upcri»r, 314. 
pvt ptiliiciculi •-■r (Tut^Ut, 2T0i 
mute- nrfin III. pnii>!tivi>. 57. 
Punicului. turifiit««. MSi, »aiSfr. •21(1, "223, 

M7, MU. 'ä^S. '235. 'iae, "23»: 

iHv al)u> culunm ul UuTtluch. 
doraltH. card. Bpinal. »at, »ai. 64, '*3. 

*£35 
graril». '182. "illib. "SHI, 347. 348. '223. 

•231. *23fi. '23«. '230 -. see nlw 

ciihiiiin iif Roll. 
I«tfr«li8. corj. wiim.l, '211. "30. "ai. 'SlSt. 
poAtcrior. iiivdulU. 70. *41, 3$2. 
»olitiirhi», 37Ö, 37U, 37IH, 3S4, 392. 
t*rra, 3?d, 
nntnlb, eonj, ipinal, 29. 



Gnn^ljnn, iiiinplm. iH, 33, 35. 47. 
bniJu, Ifi. -IT VI. 
PiTrfw'Il^iii. .12»!. 
coiDDikHKuri* iKüLterior. 2UJ, 
<;or|iu» itinttiillu»', 270, 277. 

qiui:iris<'miinim poMcrinr. 124, 300, 301. 

MM. 

otrwitini, \M\. 250. 
«roj-ÜBti. 2G. *8. 
«•rÜi-uOTiii, *12, 
«cUmaiiiiltun-, I.IS, '87, "Ua. 
«•pihrHiidtinl. •20t, •2II(!, UI. 
epiattinlipum. MU. 
^[liUiiiliiitiiruin. 121). 
lofE'lfTtiin. Iiiiiui]. 47. 134. ISS. 
fiuDliil. 'M. UÜ. 

(inwtiun. m. 70. «.V »5, ;)U4. 3»4. 409. 
K«nl('iill (gMiJculutiini), M. 3V2. 
haltcnulii-, •7l). 'IS. 127, '7*1. I2fl-I32. •"9. 

•82. •83. 143, 140, 151, "100, 

MH, "llß, 172, '125, ISft, *]44, 

22f). 221, i69. 2m. 'im. *i'ß. 

•177. 2711, 21W, 'lOl, 300. 
tiypnihalnmu«, i:^. 
imei-brniii. •01, 1ß5. "160, 25H. 258203, 

■Hi«. 203. 
tnterpeilunfiilari-, *»3, -lil, "144, 220, 306, 

.ll>7. 
IntfstiDBl. 2». 

isUiTTii. *fl5. '71. '72. IS4. '84. 139. 
JHgiilnrr. f.S, 85. 

iiiflnillii iiiiiiiiiibuUn-, *2rt&, •2«c. fll. 
tni-(ii(liiiliiniii», 1A4. 
mcMncepliitli lat«rsle. '(17, 88. 117, 'Tl, 

•7a. 'lIiS. 
inetii«)*. 'lüä, 3IH. 
nroliimliim. 'Hi. 
midbrain. 47. SMS, 'IW. 2ST. 
lu-rvoN. I'mininl, ST. fl7, 60, •3lW, 'aÄC. 
audiUirv. .IH. 
(acittl. •JOft. 'Sflf. (It. 
p|(iMi>-phjir}-ligi>u1. •2(1(1. *2(k:. 01. 
ellauuirj-, M. 



C4iin2liun, ni'trw, ]nH-iiniuitti»(ric, 58, •26b, 
'2Cir. fll. 
ophthalmitum. '206, *2fle, 81. 
optk, 301. 
peripliernl, 28. 
pt-'trwtuui, 5S. 

pontik, 240, 2Hfl, 311, 32ß, 400, 401. 
tvgio flUbthalBiwica, 257, 271, 272, 278, 277, 

•im. 

«■plJim ppUiiciiliim. Hlft. 

spiiwi, 15, ie, •1.1.37.31M1. "ID. 5". a», aa. 

•21. a.^2-.134, 340, .■Ml, 347, 407. 
ttfAn\e copIiI«». *]ü. 3»(i, 40». 
supra-ceitophattt«!, «rchropacl*, lOS. 
ayrnpn-tliMic. 3.'). 
teKiwiili. "73, 123, 400. 
Uiiilnmu*, 1)11. 1.10, 132. 135, 'B5. Ill, IM. 

ISU, l*ä, 244, 287. 239. '109, 8M. 

27H, 2ÜII, 2114. 206; m« oIho nu- 

0(Uiglioii.«!]l(v4-7. 15.28. '4. *6. '7. 20 31, 36. 

37, 30, 4CI. "la, 5S fi7. W, 01, '27, 

63. m. «7. "32. 70. 73. S4. 103, 

104. 13U, 108. 351, 391. 4«5, 407. 

Oenu. («pKUir. iiilenut, 251. 

cnrpii« ralliMiini. 197. 204, KOl'S, 283. 
nervi", fiti-iul. '248. 
MilcH» crntrnlii». 193. 
OenD'ivlK iiieiluI1ar> jilate, 15, 
GPTia.lui^fT, p|iih1a«t, 40. 
Gluidiilii pint-olU, •2.'i, 128, 'llO, "125. '19S, 
S7e, "Itta. 'IM, "I»0, *-2M: Me 
al«ö c'onarlum aud cplpby«ii. 
(■)in, 17-, «*i> mIiui nriimgtin. 

ükbuB iMttidiin. 'KH. 157. M21. 1»0. 2A(i, 257, 

•1Ö0, *I72. 207. '173. M7fl. 
Olomonili« oHactotiu*. '04. 147, 213, '143, 

•144. 
UIoMAo-jilKirriixfii«, iM«4> non'», ^OM<t.pli«r)-ii- 

R*nl. 
fininuk-ii, giiit^liann'llii, 25. 214. 
Clroovv, mnliiLii, iiiuntlc. Ijfl. 
tRvduIlB. niilvrior nidicuhir, 379. 

priniiLivi-, lo, 49. 
neural. 15. 4Ii. 
Cruund-bitnil!«, rnrfl. npinut. 'i-i3, *22.V '22(1, 

35(1. 3(W. 3(W. :i7fl. 
CJut, pfwral. I2H. 12». 

GyiUJ, 178, 170. 11)2. 184. '133. 205207. 221. 
22r.. 233. 237. 23S; mw alM> ron- 
v»Iiili<iii. 
angulnri». '190, *I31. IBS, 202. 2113. 400. 

■.-tilloau». 2()0. 
ccntrniü, '12&, 225. 22«, 24tl, 223. 406. 404. 
anterior. 'ISÜ'l.ll. IM, •14«, '147, '153. 
237. 344. 251, 2«7. '173, '18«, 
4fl«, 
po««Tl»r, 'l»n, IB3, IM, '130, «131, »l«, 
237. 
cinguH. '133. 202, «170. »171. 'IS«'!»«; 
M<v aljio gj'niii (nmlfatua and 
dnguluin. 
deiiUtu». "ISa. '134. 2(10. 203, 216, '143, 
234. '134, 
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Ojnu. rornSatlu.. 'ISS. 1»»-200. 202. *\43. 

216. 22'). ■170: we d*o gxrui 

oln^iili Aibl cingtuluni. 
frontmllB, IM. SOI. Sril>. 223. 'ISl, £M, 2S3, 

•170, 2«! 
infpfior, 'ISO, IM. *I31. '13», 'ISS, 2U, 

245. IS3,*1T2. <00. 
medlalU, '13«. '131. ').-». 
ra|>vnor. M30. *13l. *l»3. IG«, 'in, 

•ISO. 
fusifcirniis. 'laS. 201. 'ISA. 'l»«-*ia0. 
liii'pM-iimpi. *133 *U5, 1D0KKI. 213. 21S, 

2IR, äl». 220. 234. 235. 'IM. iM, 

24«, 'IW. 28S. 283, 2», 2M. 
inauL*. SS3. 
tit*«». -129, 103. 
\ungu». 'ISO, 103. 
Ilmbtcu*, *I23, 3IK. 
lingiuli«. *).13. 10». *iaA. 'IttaMM. 
mnrglDnlU, 1IU. »X>. 2nS. 218. 1\». 220, 223, 

22a. OB. 274. 2B3. 
flC<-t{iiUli*. 'IMt. *131, *1M. 2H!1. 292. 
orbUatio. 'ITO. •I7I.2IJT. 
paHrUlia. luprrior «nd infrrior, *130, *IS1, 

11», MSIt. 2.'». 2fiO. 
ncli)».'l33. aoi. 'I3S. "171. 
rakaUwii». *I33. 201, '133. 217. 283. 
M|«lUitarKin>liit. 'I»!», '131. 
tenponklii., nuia-Tior, iiii<t>)l<', «ml infprior, 

•1*1, 1!M. '131. '133. 201, '135, 

•13)1. 22A, 2411, *lftS, mi, 400. 
Dnclnatus, lOH, 200; wc «Im nnra«. 

iluliruul«. '44. 

Hair. nrrTPH-iullng«. *I7. 

llaif-cclU. ornna iit Oirti. 40. '10. 

Hund-iniiMln. ■jiIiiaI crntm. 3M. 

llanlEnliie mrUuMU, 3, 4, Ot. 

llni(Wlii>, 331. 

tI«nJ Miinlt. tauorj, 06, M. 

Hrarinir. forUfwl tvnin uul tract, *l4ft, 183. 

IlMtrt. e>irijrli<>n<^lh, 37. 

Hr,. ■ 

ll> >, 390, 403. 

H<-ii<t-i-,>.m, i4&, seo, 2M. 

BrailolKWM. sra 

Unaiofim, 2ff3. 

Ilfflnipttei«, U3. ZM. 270. 330, 403. 

Rcnliiplirrv IhrmuplHi-Tiiinil. 

cwWluMi. 102. ail, Slfr-SIS. 324. •211. 

Wffl. '2S2. Ml. 
ctTvbniin. 40 A3. '20. *24. *7&. 140, 109-1(15. 
'113. "lis, ITS. '121 M27. Ifti^ 
207. •12JI. 'IM. '133. 21B, 218. 
237243. 'IM. '158, 'IM, -in. 
•180. 
Ucnarrlia^, »nttellar. 330. 

(mvbral, 94. 
Berpea imIpt. 334. 
BllBtn, cyrua fomtevium. IM. 

olliK Inferior. 3W). 3HI. 
Hlttdlinln. 49. '141. *I44. *tK2. 310, '■23dL 
HIttology. conL aiit^oritiu. 3fi». 
toner etnhii, £27-237. 
nmu Ammufii». anllioriU««. M7. 



niftol««7, Abcn. ofFtlc, 287. iS». 

Hiuiory oS InTmUntiiNi o( nrmnti ajatcau 

314. 
HoAnKtira«, 4Qf>. 
Honi o( Aininoii. '0, 2f>, IZO; ms kUo ooma 

Ammonia. 
mrd, «piBsl, anterior. *S, 23, 2S, 63, M, 68, 

:0. 84. 337, 538, *2ie. "«ISlj 

•SIP. 343. 331. 3SS. 357-3110,1 

•2:r«-*23l. 3ß.i. 30«. '233, 373^1 

374. ':;3li, 3s3i w» iIm mlumtw 

vrnlmllii. 
laknl. SS. 338. 304. 374. "«aO. 
pnUrior, Ol, «4, 76, TU. M, 337, 338. 'Slfl. 

340. 341, ■210. 343, 354, MS. 

357. MS. ««SO, 383 SM, *23«.. 

3W, ■238, 374, 375. *239, 38S. ' 

Sfl3. 407. 410; m* alM eolutniMl 

daraalic. 
mitrioU. liUml. 93. IM. 240. 
HHterior, 102. 187. 2U. 200. 
infrrior Imiddkl. '123. I8d, 187. 109. 

■134. 20D. *154. £41. 249. 278, 

291 S»3. 
posterior. 102, 187. lOS, 240. 241, *I66^ 

292. 203, 'ISS. 
U.Tdrot«pbaliw, tOH, 207. 
Hypogrloeaiu, am iten-*. hfpogloMaL 1 

Hjrpophyal«, •!«, "21, "28. M, '74. Tfl, IH^I 

•77. '7*1. ISd. "93. »106, •lldLi 

* 112-' 114. '127, -102, 280-»^ 

*IK1. 'Ifa. MDO; am ftiM In- 

furiililiuluin. 
Hjrpoltltlatuuii. *44. *74. lat. *75. ISI, 13t, 

134, 137-I3SI. •M. •»•. '»0, '»2,1 

•OS. IM. 271270. 
Hyatcria, 43. 

Idlo«T, 20& 

n«o-|MOM. apinitl cmtcr, 337. 

IiopmaiMi. M-tiftAry. 31. 39, 173. 

InnulaM. tmumiMl'«. 23, 31, 33, 359. 

ImllYidtuililj «r rril>. <>31. 32U 

rafnupinat IIS. «piii«! n>ntrr, 33A. 

TnrandIbuitiBi. ^i.y '.17. '77. 128. 12». 132, 

•S3. •K». -110. *I12. I«7. IM. 

•127. IWI, 1!I7. •um, 289, *I74. 

S»0. 2Sl. 'ISO, 'ISI, 2S2. *lOOi 

•rc all« lijiMipliyria. 
lohfliillnn. 35,71. 
Innervation, motor, 34, *17. Si, 70. 84, 804.,' 

334. 
prripkcnl, 4& 
«luory, 41, «, SSO, SS;. 
tiMula fMlil lUIaiid of IMl). 4. lOt. 108,1 

■1£S, »la», 193. «lao. "131, «138, 

S04. 223. SSa. 'IM, 239. 248. 

•100, 249. 2flO, '109. •I71'I75, 

200, 277, *179. 400, 
Ulcll««!. ivlatlon lo irfri. 203-2U7, £33. 
InUitratn, 3. 47, 50. *2I. 71. m. 98, W. 101,1 

107. 114, *:o. II». 120. ItX. 183,1 

125-144. •74*77. •79-'87. '88-J 

•93, 14«. 115. -98-'100. 'iOt 

laS'lAT. -KH, '100. I«7. 188b 
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4^^ 


H^ Interbrnin iroitMriiiM). 


LnqucuK, *iav 'IS.I. *1IU. 'IWr, *lfl|B 


sri^ri 


^^_ 'll». 172. '122. 178. "125, 166- 


•244. •24.1. '247. "SlC^ 


*Sm^^^^ 


^^K imi. MEU. *1»2. IPO. 197. 218. 


MP alao tlllet nod lemniscus. 1 


^^^L^ *144, S20. 221. 242, 2n0, 2S4, 


Larynx, t-urlitvl ir>-ntrr. *148. 


J 


^^^^^K *ifi&, 'ina. 2fiti. ^A-, *iea, scs- 


lAtiMimiiB dani. spinal t^mtrr, 33tt. 


H 


^^^^P 203. 271, M7S-MT7. 2T4, 27«, 


Uw of W«ll«r, it. 7. 333. 


■ 


^^^^ 378. '182. '183, 2»5, MOl, 301-4. 


Umninna, 71. 8). '102, 21K>. 30<). •10-1 


3W. ^1 


■ IntMtiDP«, 2(1, 37. 


3«, S7fi. .17!», 382-.^M. 3(MI, 


•2M- 1 


^1 Intumviwnti'i leiilnrffviniMitt, sjtiiitil «-ord. 


•25«. ^03. 4(17 lUi»: nv iil-y ßllt'U | 


■ '32, «7, 'aiSh, 336, 


infMior, or lnt4Tul. •IUI. fMi, 31X1, 


•IfU, 1 


■ IstliniiiB. "It). 


3n. :IS7, MS. »ft7. -109. 


1 




Hiperior, or nmUuii. 2UU. *19l, 300. 


313. 1 


H Knrrukinms, brnincwUs. SA. 


3»X. 308. 4(18. 


^^J 


H Kidn«^}'*, n en «-»n dings, 4. 


Leiu of («iiiiJlij'siB. 127. 
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wffWIi. W. 3IU3**. 

ürnuiu». K«. ass. 3ML 381. *243. 
|tl»lx^»*. '47, KM. JUS. 323. '21«, 
tojrnteiiU <fji*ti|r(ll. 323. iS«. '209, ftt, 
*2I2. 
rniHiBWurBllit nrivj viii;l. 370. 
rotpivl' t-nni!i'-niili«, ST-L 
gtni ■■ 'tui. SOI. 

tiM.I. . II«, 3no, .101. 

D(4l«r>. -*: iM vi>. »W, *2n. 3SS, 331, 

■24H, Wl. 
»i)fop<HliiiiiiiUrU, 134, 
*|iil)islH»ii, 120. 

lueivull Iniiglliidiiulii pmlrriorU. 122. 
123. •«. 130. 1.37. "118. m-t7l, 
27«. *lttl. 305. 



Nuclciu of AIM (IvRiniMUt, UUnl or la- 
ffTloT. 'lei, 388, 3H. 
mrdmii, 3li)i 
fuiLicati wliurLi. 302. 

tercUt, 370. 
inUrbmin. 134, I.W. 'IW. 27* 
liii)tM-«rw, *bO. 'SOIii. *20IA. 3)3. ■S4Ti wt 

kluA niM-lout of fllk-t. 
kiitk-ularia (UnUfannh), 3, M, *M, 114, 
)&7. *I2T. 1X9. IWI. 2». 215, 240, 
■niO, 250. '102. *103. -luj. 2ii- 
237. "IIW. *HW, 203, 207. 24». 
271. '176. 277. 'UM». 30». 400. 
408. 
DHMllalla of Mrynrrt, .I'li. 
nerrra. cranial. *20fr. '20c. 73 100. 304, 374- 
3711. 3S3, '2i:;7, 402 40». 
■bdnrPDo, *47, '49. 95. *1U, 304, *S4T. 

3*», IKW, '24*, 3tt2. •257. 
«udiUir» (MiMlicu»), M, 70. ■33, "400. 
•40. »4». »1, »2. '40. M, M. 10*, 
■no, 10«. 246, S6\, is:>. 'ii',. 
donal. IH. 3«4, 3JW, »244, '243. *U», 
390, Mfl. 4UB: MC situ sucIm» 
IM-rvi vr*UliU)l. 
TdiLral. 03. TH. *244, Mi. '246, 3SS- 
.-liM, *247. '248, 3»l. 4«0i we 
*\m> iiwIpui iHrvi cnclUi». 
«MlUrur. 387. it». 

tftcW, '20>.'20c, 01, 7il, •«.■(7.'4(»,*M, 
«. "W. S7. 374. 370. :ih(. "244, 
3IPI-308, 'Sfil, 31'', "2^7. 4W. 
glouo-phUT«««], •2», -Mc. '48, H8, 
•47. 37«. 37*t. 3«, '214, 304, 
•2.17. «13, inil. 
hypoglowHl. '-lO. 201). *23*. *2.18. 374. 
37«. 'ZMI. 377. *243, 383. 3»«. 
390. '2J7, 403, 4»&. 400. 
«'olo-iaolOT. '07. •«». 121. 122. '80, •M. 

'lis, 30230». *i&a, 'm. aos. 

3O0. '257, 
[incutiK>)|utric- (mgosl, 7«. *311, *Mie, 79, 
■4:!. m. •4«, 8». «aas. S7S3T«. 
•21(i. '243. 3*3. S«*. '237, 400, 
motor. ti7, >*». W>. *oa. 374, 37A, 'gSB. 

M3. 384. 
•piik(ir>-. Ml, 88. 374. 375. 3H.1, 384. 
li-TTiilnal. S5. m. 
•pLnnl aevnmurv, •2B7. 
tngwniinnl. 70. 1». 79. 80, 'SI, ftS. 07. 
'04. IM. 103. *0&. 30«, Ma, -231. 
aUO. 'Sftä. 3»7. 40H, 40», 
motor, *M. 'HA. 303. 304. 'SSI. *SM; 

"iS?. 403. 4IKI, 
*ri»iKiry, 'W, M. I>7. 31M. 
tmninal. 70. '43. M. *4«, 07. '01, M4. 
304. «iU, 'Sft?. 
IrorhlMri-, 121, 'lift. '100, ■IH», *SOI«. 

•2nih, SIS, »T»?. 
Vf«li>>til>ria, 301. 
■rrvimin fWlriwwnm, •M, '31. OB, HO. 
itl l.«j». 272 
»r nx-dtilU. 18. 73. fM, OR. 

cubmDi«. '232. '233. 387. 308, 'SSO^ 
"230. •343. 
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NuvIpus, of imrdnllB, HTnci)». *S3I, *23S, 387. Oabogmv, n^n-n, wmory, 37. 


36». •23Ö. 'i3». '2«. 


Operculnin. '23. 1Ö2. *i;M). ]1H. ■131, ?M. J 


Intrrelb, 300. *iav. 


^J 


inulor, 40S, 407. 


Oplitliftlptoplfg». 330, 331. ^^1 


UMterior. or (IotmI. TO. '41, SI, *49, 8«, 


OpisUiotoaos, 331. ^H 


• 06, IM, 1 )«. ST. i. 308, 370-378, 


Opticu«, MM »«TV«, optic. ^^H 
Orfton of Corti. 40, M9. ^H 


■238, 3£S-3tU. 3t)7, SW. 406. 


Taph*. •!«, »47. 


cloctrir. fiO. OS, 9a ^^1 


tttmory, 143, 3l>S, 399. 


i>(|ulUlirium, 91. ^^H 


of midbrain, hitsv, )lö. 120. 


purh'tul, *2a, '110; bw *piphy«U, or miui- 1 


prodindus Intemlls. '7 1, 121, 123, "73, 


rluiii. M 


itipdinlU. 123, '73. 


Otiy.i>i. •'2m. *2»c. 01. ^^1 


roof. V». \£i). 


olitMri». mv ulh'a. 


OtollUi. fimrUon, 39. ^^1 


DOUR, ail, 


■ 


ptvlmalk 1H. *;i. '72. 133, *da. lU. 


„ . . . ^1 


rvftioD, »uMliulaiiiic, U77. 


Pam, leiiviiB of »jiituil Knii^lla, 334. 1 
I'allhim, 50, 'iS. M. '37. *74. •7«. '80, •80, 1 


Kticulnri« U-gni-nti. 3Ca. 3»4. 363, 40a 


Rolkr'a hy}Mf;l0MAl. '2-1(1. 377. 


•95. 145. -101, 1C9179. »W. 1 


tubtT b«äi«BU (nd nuokus), M, 09, 123, 


•lon-'llS, "iSa, 211. 213; MO J 


•83. 137. 14», '176, 274. 'IT». 


alao maRlJ& ^^M 


278, 2M, "IW-'IW, gBB, 300. 


Psjiillie, Bi>nMfY, 43. ^^M 


•198, •IM. 308. 310. 312, 314, 


PanlyvH. 3i)ll, 382. 40Z. ^H 


3IS. 32«. 3SI. 40L. abducm». -to:;. ^H 


«umtuni iiiiertnedluui, 274. itmmhI. 33tf, *03. ^^M 


m tfeniiT. *08. *»fl. laS. fni-iol. 4lY>. ^H 


H tcgnwall, SfD nucleus nibrr Ugniuiti. ociilo-inütur. Ü(*i. 301). ^^H 


■ lliklanii. 1:M, 1»II. I,-)?, 244, 2{x^2iU. 263. |<rti|i:rv:>.'<ivi-, SiHX 3£2. 328. ^H 


^L 284); (IX- olai) i;uiittli«ii> <>fiinil infnatiie. 407- ^^| 


^^^ «nU-iior. "TO. ISi. »SS, 188. •144. 250. Pnniiil.vsi». MB. 41), 'Sfl, 127. '70. "Sfl. •»5. ^n 


^^H *]6», 267-200, '173, '174, '170, 


•no. -lU. 1 


^^H 27S. 277, ■178, 278. 


l>Br(«U in »myttropbic tnt«rMl scloroala, 301, 1 


^^H diffiuu«, 132, 133. 


Pan Miidnliii, intmiul capmiJe, *177. J 


^^H iRlMuIi«. -ISi. 2iSD. M60, 2«7, 288, '173- 


comtniMtirali*. midbrain. 118. ^^J 


^^M "UU. 278. 


eorticollft. oUai^tory npparattis, *101, ^^H 


^^H Isyvr, laUJcf-d. £«». 


epiaU-JHtira. *KiI.' ^^M 


^^H inBBito-cvtIulaTif. 72. 132. *82. SOa 
^^H iMdiua, 132. 138. *a2. '126. £fiV, S60. 


domlia ^n^rlii isibiul, 'ßO. ^^H 


olhwioria. *25. *ini. *108. «IIO, *170. ^H 


^^H *läO. 308. M74-*171>. £77. 278. 


u K-milari«, IU4. ^^H 
PatJi, «re tract. ^^H 


^^H rotundnm. *S]. 132. *6i-*»6. *»!. *1I0. 


^^B realJiilU. 130, 260, 200. 203. *I7S. 272. 


PatLolii^ii», set nerve. trochlMr. ^^| 


^^M '27Ö2TH. TS. *170, 290. ■101, 


Prt-ti'rAli.t mnjor. »piiinl i-rnu-r. 330. ^^H 


^^^ ."«17 3111». 


Ptdidi:, louimiMUr« nnt<--i)ar, 210, ^^ 


V tmfrinidpii». WS". 


c<>r|>u!i (fmiculntum, '177. 288. 290, 'Itll. 


H Kyfttagiuii*. 3211. 


conarii :^pipliy*i>i. cUndtila pincaliH). "125, 
riJ8, 270. 


1 Obliquu« inforior, 304. 


habcnul». *44. 


H Ootiltviiiotorius, Bcv Dpnp. Oiiil»- motor. 


tlMlamns, liitcrior, *159, S40, ■trig. *1T4 


H Olbu-turlui, ae* iwn-e. uUiutor}'. 


•175, •177. '170, «03. 2«7, 2«, 


H OUts. bk ii1»ci body, olivnry. 


280, »lOl. 


H tetamory. anterior. 3Kt. 


rrdnnvle ( pedunculiul . 


■ pOfitrriOT. *234, 3M. 


een-btllar, '91, 107. '05. 12*. "SI. 245. 317- ^ 


■ nreticm. 100. 


319. 'MD. 32a-3£7, *Stl. 329. ^M 


m iaferior, 3. Md. lOR, MB3. 328, 3«3. 308, 


330, 3S0, 3«. 407. ^M 


^^ft ^293 *335. 308, 371, *237, S7I, 


anterior «r ^uptrlor. KM, 107. *0I. •OS, ^H 
123, *«4, 137. 272. 283. 284. * 182. ^H 


^B *230, 377. 370381, 'Ul'^H. 


■ 383. 3«4. *t&7. 


•IM. am, 'lOS. 3M. 310, 312, 


■ tuofTior, •48, M, 06, S3, 'Oa. 109, "2*5, 


•201(1. '201*. 314-318, '^IH 'äOC, 


■ 387 380. *S47. •248. 3D1. 309; 


•*«). 3«4, «210. 820. «212. .1i8, 


■ 400. 


••23a. 373. 381. •253, 399401, 


H Onb^nr of orntnl nvrvutw KjRtwm, S3. 


•244- -aio. 


■ nPn<lM>iliini. 1113. 


infonor, 90. 1««. 'rtl, 2im, 315, •20«, 330- 


■ titan: 203. 


329, 373. 379. »M, 3)i2. 


H fnndament« of nranwl ncrm, 58, 


middlr. IDS. *01. 315. *205. 324; mw a>.M 


^^^^ mtdnU». 100. bnirliiuin ponlii. ^^J 
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pMlnncW, o>>T«>lit«t. 3. 124. ISA. *t33. *U1. 
•I«, *\m. 'ISO. *IS3, iHS, Mtlfi. 
"I«T. "IW, aoe. *«i. 311. "230; 
■w «bo cms i-vrrbrl. 
corpUB ttamlllan>. *H4, *I76. 'ITT. 2T4. 
■im. 300, 312. 
(jmdrigeiulmini, un. 
dcmnaMu «ti|iru-iD(uii(UtiuUriB, *flO. 
tbwnüf, 317. 
Ppm-ntWR. 43. 357. 
Pvrbrt«ltbi. 30. 
FoniDfi, ■|>iiinl tvnf«, SST. 
PW. yvni». trontiil. thir.l, IM. 'ITi 

hiii|><MiiRi(>t. iiiti. 

inferior. Hulnm prH-onalrnli«, •13«, *IS1. 

pnluntuli, 'Hi. Mil. lilt. 'IM. 251 ä&O. 
•l«. 863. '175. S72, i;«17». 
276. 27S-280. äH2, -IHS, MM, 
•IM, £«>, »I, SMStM. *1«1, 
■1«, W8, aw, "IM, MW, 'I«». 
MS 312, '«W. *»l(i. 324, KB. 
344. W». J«T. "237. ST4. 37«, 
*2ai. '25«. 401. «n, 44Mt-4A7. 
I%Br}-nx. 43. »t I. 
Phylos^ny. «ppnnitus. olfmHot;, 211. 

«•iitr«! ii'miua syaUin, 3S. 33. 

wrrlKlluiu. 102. 103. 

rorlrx n-rrbri. HS, 174, 9W. 

tuaDtb-. 177. 17». 211. 

ÜMH'lia III Bill, •*|>t»r. 174, 17ft. 

nwliilln. Km. 

•tidbraili, 1^4. 
PtifiiAloKT'' "pfonit»*- olttietory, I5H, 

«ord, R|>inal. 3ÄT. 3«). 

connii iiiudriirontiBHin, SM. 
•irwiuni, lAM. 

mnn cvrohri. 173. 174. 179. 200. 206-211. 
2WL 

BIIH. iW. MO. 

nuwlin. 211' 

kypnpbyab, 281. 

BMilulU. 402 «I& 

noM, 402-405. 

IhnliiiDn* o|>tttvi, 2Sn, !01, SOI!. 
Pill raalor, 3t!>- 

nilu of foniis. 187 ItKI. ?l(l. *I44. S4S-e4l>, 
230, *l(tZ. 2U7. 274. 27V| IM 
■l<u <v^umiMP (umlel«. 
Wt. Btnlliorv. 57. W- 

tmml. AT. M. 

olbcldry, 57. 

oral. »7 
P\»Xr. n-ri-tx^llnr. Ii>l IflS. 'S«. ■07. 110. 

rurjiu« ilunilriKTBiinuBi, *20. 

cribrilurn. U«, 213. 

einlric n. 

«nd tDotvr, SI. S3, 24. (10. 

Kwltillarr. 16. 4D, &7. 

«ii.lW>iin'ron(. MA. 117. MO?. 
PlAf ci*)!*. nrura^tlia. 17, 237. 
Plrxun. hrnclilal, 3(0. 

trrvind. 334. 

«hartoMftu. U. '25. M. 12S. '7(1, 12". ■110. 
•114. •llfi. m7. ITI. *1S». I8T, 
ISS.Sat.^lM. 270.279. 



PIrxus chorlohlcui. anterior. B9>. 
kUfralift. £2. 310. 

vnttriciili Ulrrali«, M54, '17S, 208. 
qunrti, 101. 31«, *243. 
liunbar. 334. 
ntnrf*. [M>ri(iti(Tiil, 3S4. 
■uUwtlntlifl. IttN. 
Polu iftAe) frnntitlk, 162. IflS, MIS, 170, 
2lM, 2W. 
oi<Hi>ilAth |Mllil. I<i2. 103. 1»3. 
trmjionil». II!:^. *ll.t. 
IVIkiniyrlitis iiriila. HOi. 

rollfX. .H-Iliral M-UtfT. 'I-W. 

Pon^ 4, 50, "20. '37. 102, lOA. '112. 211, •III. 

MM. 2*i. 243. 245. 2.W, "t«, 

25i;. 2&1. JiM. 2(lt>. SM). ■180. 

'IS2, 'IS». 'IäT. 'IWO. awi, '104, 

•1«;. a«. 31(^312. ■200»202. 

314. 315, 317, 'Wi-'^rx;. 324, 

•ail. 32«. *t\i. 3ai. 3.TI). .TM. 

3114. .W«. 307. '2:14. 'inn. ')i37. 

373. :I74. 37«. 37». JH4-4<)0. •24fl. 

'247. •24t*. •Ui-'tM. 4Ü1-4U0. 
l*orUo tnlrrRMxIitt \Vri*lt>i()h. 3fl2. 
Porth) iiikjor ni^rvi trij;raiiul. 3»T, 

ralaor, 303. 
PhMUMiM, '133. IM, MM. Ma». 
P rt m un -wuum Üou, apbul iruct, 367. 
tVoet*«!» rrtknlariB, 81. 83. '£li), 330. ■£», 

am. 306. 
■ii[x-rinr vrrniifnrm. 310. 319, S38. 
1T(iRalt>r>, s|>in«l cMitcr, 33A 
IVoM<ii4«|ih«lon. 4P. 6a. M, &Si m« (orolirMla 
l-MtnluiD. 177. M23. IM. 217. M43. SItt. 

■144, 220. 242. MC3. •100, •17.'». 

'177. MTW. 27». 'IM. 2I»I. MWli 

MM- iilau Irm Davidi«. 
P^diolnfF^. rnni[iuiiitivc, 174. 178, 17». 

Howa. an». 

rulvinnr thnUmi. ISA, *|05, 2GP. 200. '177. 

*IW. 2ft2, *III2. 205. -IM. SSft. 

880. *IW, SOI. 207. *IB1, iBA. 

•10(1. '108. •230. 400. 
Pii{>il. 3(10, 
Put>m<-it nudri IraUfortnl«, 157, •IZl, •12S, 

IDO. !Un. SM. 257. *]in. •lOB, 

'171-M74. 20«. 207, 270. OB. 

■170. 
Prramld«. 3. M. 200. MOO. SaO. 334. -2SI- 

■234. 300, 3117, 300. *23a. '237. 

870. 373. sn. 370. 1MI. 382. 3WI. 

•M4-*ä4«. 'iW. •252. 401, 40*; 

»er nlw) Lnct, tiyrainidaL 
Pfmiula ntflH'lli, 317, '204. 

QBsdrivrp« feiBuri«, »[liiMl cralcr, 337. 

Riu>hiUi. src. 

RAilinlinn iradMlio). ■ndltory, EU^ 
roTimal. 210. 

mriitu catlnoim. 242, 'ISO. 
MM-Uco-arilnal , 246. 
mrlirn-lfiaUmirH. *1fln. 
faadrutl fionlo-nrri)i«liili#, 242, £00, 
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RAdUtiAn. flllrt. superior. 272. 
iXvtpit«-l«nii>omli:e, 2SH. 
OcelpItotliAlaiDira. 240. *I6t>. *1S1V-*1B9, 

2B3. 
olfactory. 201. 2!5. 217, *H4. 221. '1P9, 

2(17. 282. 
optjc. 244. 245, 'löO. 268. 'ITT. 285. "183, 
SSB, äfH}-294. 'l&l. 308. 406. 4ia 
putnoim. 2117. 

regio lubthalamko, 272. 273. 
■trio-thnUmicit, "JäO. 267, 201. 268. 
UgmniUl, S45, 2S1, 2Ö3. 2.'>4. ZSl, *I67, 
272. 878, '100, 200, ']l>3. 316. 
4I)H. 
t<'iri]Ktrii-l)iiiliiiiii(«, 'Ittfi, •|ÄS. 
thalamic, 25». 2(iü, 2113. •17fl. '177. 
Üiuliiiiid-ix'oipitaUii, 28«. 280. 
RtuUx (ronti. 

nerve«, cranlnl. H. S4. 85, 89. 14Ö. 400. 407. 
alHliK-cnt, A4, 3fti. 
•aditorr, *24ß. 
anleilor, Ml). 

dcRCradnu. *4fi. '53, 'M. 384. 391. 
po«l*riftr. "49. 02. 
ftidaU». 'ZBb. «see. 84. B5. '244. *245, 

•34«, 3(12, 303. 
glono-pbnnniiitial, 91, 37.'>. 

»pinuliM. '43. 88. .175. St«. 
hypogloMiil. 94. '-13%. 374. 
orulo-motor. 'IJH. 302. 
olfactorv. *Bll, 148, 148. *9». •II8. 216,' 

t(l3. 
opUc, ■». 'Bi, 1.-WI. J43. 287. 
pncuBiusuUic (va);u>). 'Sßti, *S0c. *S2. 
*243. 301. 
bulbA.H>inalhi. 66, 370. 
motor. 70. 'Id. gs, "52, 87». 
•fiworv. 87. 37S. «243. aSS. 
trigeminnl. «SBft. *me, »43, 84, Sl». 
•20U. -aiO, 3fl4. 36». *m. 397. 
nii'HMiwpbfilic. 97. *a». 121. .108, •201ft. 

3(U. 393. 394. '252, 'HS. 3m. 
motor. 203. *2ftl. 
wnsoty. 'äil. 

opUaU 79. N.I. 85. Mö. 88. «5, *Si. 98. 
'71, 'lOO. 3M, '202. 3«4. •233, 
31». •2S9. 3B2-3W. '245, »248, 
SU(>S()4. 408. 409. 
viipo ftluso-nhftiyngMil, 363. 
welihiilar. '248. 
n^nroa. apinal. 
■nUirior. or wntnil. '13. 37. 63. •«-•31. 
"S3. W). ft8-70. 73, ■41' 84, UH, 
'213- -Slß. 332-334. 339. "218. 
844. 341. 3ftT. 3M. '22». •2». 
•SS7. 407. 
fionlrrior. ar dnnnl, '13. 37. 82. 63. *Ä7- 
■31. *33. 66. 08. *4I. 81. Md. 
■213*21«, 3:i2 »34. 34f). 341, 344. 
348. 3(0. *2ä7, 301 3M, 3&8- 
360, 3B4. '2.1«, 407. 
thnlanii, '(M. 134. 
RainifleutiiiRD, Hrl>nn<»M>tuiM, 22-24, S8-30, S), 

«8, «9, 110. 
lUniuK liucMlii, Sl . 



Kamiis coehlearif nervi ncntttd, 'le, 

laL^nilU vugi. *2(lb. 

mnr^niilin siilei eirguli. *133. *I70. 

■II bfiarli' talis autui rtiiniili, *l3.t, 
Ra[lll^ iiM-i!iilla, ftO. 81, ■46, •47. 109. 392. 
3ti.1. 3H8. 4UB. 

plat«, inpiliitlurv, 49. 

MMU, '201(1, 311, 393, 309. 400. 

Wgnwiilum. 403. 
Baya (radii), cortex cerebri. 220. 232, 233, 

236. 244. 
Rcflnjration. lc~iion* nf TcedulU, 402, 405. 
itetJculUTii, taiif^nliii), ItS; wo also net' 

work. 
Retina. 40. 1.19, 301, 287, 294. 409. 

of «piiilijstit, 127. 
Secewua Inferior. 'SS. 'ja. 'lin, »114. 

fnfundilMtlariif. W. *14l. 

mamillarf». 'ZS. '75. "77. 129. •fiO. "109. 
'110. 'lU. ■141, '176. 

opücün, '25. '110. •141. 

piwrtptkuH. 'in, 128. 'lU. 

(losloplicUü. 128. 

l{oi>tiii infrrior. Innervation, 304. 

inbcTiiui. 301. 

anft-tior. 3(>4. 
Bflli-x<^. 70. 71. 365, 35«, 348. 

aMoniinal. 337. 

ct»niu»tiTic. 337. 

rpiffiiMric. 337. 

gliiteiil, 337. 

nioior, tlifitry of, 3A8. 

pnlninr. 330. 

jrfiU'lUr, 337. 

plantar, 337. 

pupillary. 33U, 

rectal. 337. 

»capnlnr, 33fl. 

wnBory- motor, of fnw, 397. 

tcnilo Achill in, 337. 

vpnioil. .117. 
RcflcK-iLctloii. 31. MI. 32, 35. 30, 43, 70. 
Rellex-wniMis 38, 3«, 44. 330. 337. 
Refill' pntlts or am, 35. 36, 41. 43, 6B. 
Regio in«ulir, 'ISA, 

purolfiictoriR. 167- 

»uhtlinlnmita. 257. 271-270. "172, '17ß, 
•177, '179, 230, •Ifll, 309, 310. 
' Rh9n<>n»pUalnii, 14R, 210. 
■ RhoinSi-nMphalon, 'IS. 
Rhoinboiilei. «|vfikal «cnlAr, 336. 
I Rinin f>l<itt i()ti. '140. 
Hoof. Li-rvl>"lluin. «9. 101. 

lni-liiire[th]llciii, 310, 317. 318. 

midbrntn [mcarnreplialon). 72. II2-1IB, 
■flS. '«IB. 117. 118. 121, 189. 200; 
Snn. 300 303, *19&. 306, 318, 401. 

Uialanirnccphalon. .'>l. M, 276. 

vcntricK-. («UTth. 315. 319, 372, 373. 
RoAtnucI«'!», e*r«!bclluni, 02. 

nnrlliniia, 98. 120. 
Root, see rüllx. 

ftool-inni-, rorrt. Kplnal. '223. 354. 
Rostriim. eorpui calloiinn, '171, 2M. 
KoMlora of tfaigh, spinal cvntcr, 337. 
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Sac. «tdphfacal. ISO. 
!?«rcul«, ou-, »1. 

SBoeua Tmaculomu. '18, 17. 12B, 'V>. *10S. 
SwtoritM, «fiiwl c«nt«r, 337. 
SeklcMi, »piul oeotM, 939, 
SolkCMft, UBoeialion Mlhuray», bHiiaphtTM, 
•I«. 

bulb, olfiirtory, 'Hi 

nipuU Interna, *ltt3. 

DMitiuiiuun uf oUkrtory apfMinitiu, *10I, 
163. 

convoluUnns, bu» of brain, *I3&. 

■•ord. >(uii«l. «es, '213. *iS7, M8. '236. 

rarona ndkU. fibcn. '160. 

corpw stria Uun, *M. 

Ktrtffit, motor eutart. 'I'M. *Uff. 

lotcrbrain, nuclei and tra^ta, *83> 
KiUM-lp, ifKwTTfttlon. *2SD. 
iterr«, alxluM-Ds, *24SI, 
PMJilcnr *!M7. 
facial, *M0, *2W. 
Ototoc, '11. *2JH. 
p«ilnh«nJ. *14. 
■Mnor7.*11.3B.*16. *tt. 
Iriccminal, SM, *Sfil. 
D^ric- tract», *14, 
pcdiuMika, «cnlidlar, *SI 1. 
rvflu-aotiua, *ll. 

•r«t«in. olb<<ory, *»*. *1W>. 'lOI. ■M4. 
SoMTMia, amyolrapbic laU-ml, .HI), SaS. 
SMr«{fo«, rogulatio« of, 43. 
Soctiont, trwum, A. 
Sana, nuMular, am, aao. 40S. 
atrnMOity. 44. SSfl. SOi. 
SeuD-noblltt;. 4». 
a oM »-or K iin». IS. 21, 40, 07. 
a»ptJi,con!. .14:1. ;UT. 

Sapram Mlluridiim. *22. R3, *&4. '7«. '114. 
'114. IBSlin. 171. 172. M2rt. 
175. '123. '125. "I2A. -132, '133. 
*I44. IM, 100, IM. 197, 201, 
215. 217, £», S4V, '171. SM. 
887. 
8*nDo, «trltnl c«et«r, '148. I 

ScrMtiu namiu, ipliial eoatar, 330. ' 

ShMtli. »««nillarr. uf nervM. 9. ■10, M. 5S, | 
231. 233. 300, 342, 344. 
of Rcbwana. 30, 342. , 

Slsbt. mtcr. 24S. 

■Ualtirbanrr uf, 204. 
Ißlnw (fcma) rhomboMaÜB, 73i we also Ten- 

triol«, (oBttli. 
6Ui, hMt-IoM. 43. 
IntMrrath« bj immnogMtric, BOi 

■piHal nnvt*. SM. S37. 
MTTC^Bdinpi, m'tmarv. 41. 
9mdl, «niti>r. <xrÜ,-»\. 171. 218, tU. 

vnw of. I«fi. 174. eoft. £S1. 
8|)Utidt>- n( mtUK-lra. 301. 302. 
f^Uura ollactoriuni. *14I, M43, '144. 
foNTh. TOrtiMl MDtm-, *148, 240. 247, £07, 
400. 
dUlurbaan- nf. SM. 402. 400. 400. 
»Nrki, nwdnlU. 2t&. 



Spccdi'tract, 24&. 240, 25S, *I7I, M73, 

son, 403, 400, 407. 
Spliindcr iri<tia. 304. 
S|iiitiil a«i.f«i»vr]r. aee n«rvc, »piiul atcf ary. 
Splenlum, MV]^ oallMum, 107, *1M, *19l!t, 



SpongiobluU, lA, 17. 
StMitaag, vtuü. S. 13. 21, 



•8. 



Stvnin-niaatoid, ifNiial wntar, 336. 

SUIT neck, »I. 

I^tilui corptu aonicnlatom, 133, 130. 

f^tratiim cnni^4>xan) et pnrfuiuluin nontlLl 

311, * 

intuincdium. US. 2'2, 274, *IOI. 20». 'It 

308, 314. 
lenmiKi. 200, 300. '104. 308. 313, 3IS. 
luciduM, ^-riit hipporanipi, *IS4. 238. 
»«•didlare pru(uii()uni, niidbnün, *M. I 

I18, -68, 143, 280, 30M-:MMi, 'I 

*190; aM kIu lajrn*, dtep tned 

ulliuy. 
a|iUi-un. *o;, 

orlvna. g}-rui hlpponiupl, '154.230. 
ndlatuB, itvni« hippopunni. SSA, '184, 

23«. 
•QpcrfldAle paaÜB. 311. 
■onale tkalami. 188. 2M, £30. '188. *ia», 

288, 208, '178. M77. 286, 2M, 

•m. 

stria acuRtioa. «ISS. •908, "«ao. 874. 378, 
•244. '«46, 887; 888, •S47, 400. 
oornea, IW. 

lotiBitndinalia Laadd, ■1S4. SOO, 216. 
madlolK '124. 2-.». -|7I, *1T2. '176. 
RiMltilluia tiulami. 312. 314. 
cxtenui. 26». 272. 
In torn«, 263. 
tmiiinalis, '120. 188. 257, SAf. 
Strarlure, oort» crnbH. 145. '116. 187. 18$, 
•U7. 227, 235. 238. 
ganglion, imiuu, BS. 
gaoglioB-Cflla. 20, 24. S8. 

Sludnla nlnralb, «plphrai«, 278. 
vpoftijila, SSO. SSI. 
olive, tc M Mor y . 283. 
Ii-jcmcntum, 812. 
StiMculnin. 21«. 234. '164. 
Sufcnuvltfl of Ihalunua, 280. 
SuhM-npalarta, spinal emt^r, 330. 
SuUuntia an«r«a cuitralia. *I27, 'lOS. 
KPlattBOM Rolandi. 70, *48. 341, '218, 34S, 
'223. aw. *231. 384. *233, 30S, 
374. '£43, 3SS, 384. *248, *t48, 
3»l. '262. 

gray, mitral, of aqurduH, 278, 288, *l04,i 
901. *IP8, 312, 318, 316. 
ccrd, apinal. 8.1. 84, «0, 88. 70, 71, 243^ 

337, .T38. Ml. 343, JSi. 
oflnvniitrirular, £08. 
mrdulla. TA. 78, 70. 
iiiidbrain, 121. *73. 
Uialamni, IK, *0I, 18». 
Tenlricle. Dilrtl. l.ltj, IBO. 280. *188b I 
•173. 274. 278. »4. 
Utml. £64, t05. 
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BnlMtHitiii iniioiiiiiiatu, *1«B, 203, SSI). 
BMdullary (white), ccrclKlliua. 31», 910, 

Mrcbnim, 265. StiT, 2TT, SeO, SS5, 318. 
oord. Bpinnl. 63. Tn, 73, 337. 
venni» wn> belli, 3Ü4. 
nirw, midbntin, 123, 255, 257, "les, '166, 

•I7fl, 272. 274. •177. 278, •17(1. 

278, -ISO. Seri. •191. '192, 29». 

*I9A. *lttS, *1B0. 30S, 314, 39B. 

prrfermtit «nh-ri(ir, 'Ifll, "180, 282, 283. 

|io»t«Tlor. *t77. 2711. 2l|i0. 
n-tk-ular». 314. 315. '233. *£34, 381, *S4S, 
3S4, 31(7. 
yonin. *2«8, 314, 315, 3t)3. 2C3, 390. 
tpjfnifnU, ■t'JÜ. 

triioti ÜiAlnnto-liiilhnrU, '2010. 
SnfctbalnriiuB. *l7ß. 
tfiilfruA, <UH' «1j)0 nuur». 
Rrcualue, 221. 
ceaUBlU. '120. -131. 183, 221. 

iimiln-, 103. 
rei.>l>nil. liH. IDÜ. 

HnfTiiii. •in.t, la;. ms. 21«, 'lio, *I9S. 

frontalis Inferinr, •UO, 194. '131. 
hUi-Tior, 'ISO, 1«, 'ISl. 

iiLlrnnciliu« pcctrriur, cord, q)inn1, *S1S, 
•21«. 

in(CT|inni--tulM, *130, *131, W, 10$. 

itlntxl of llril, 101. 

Ciwi|>itnlU nnUriar. 'ISO, "13E, IDS, 106. 
InterttlU, '130, M.Tl, 

olfnotnriUB. 201. *I35. 

oHiitnliH, 201. '135. 

liiirirtonc^ij.iUi. '130. *131. 

pweentralU. 'ISO, 'ISI, IM. 

relTorvtitmlw, *I30. "131. 

mgittiil. 22t. 

tom[ioraIiB. 'ISO. •131. IW, '135. 222. 
inferior. 201. 
superior, lOfl. 

variatiuM*. 221, 
SnpiuntoT brcvts, epiiuil crntcr. 334. 

TODKUS, 338. 
BupraspiiiJil u». «pinal c«nt«r, 33tf. 
SnrfftM-. <-<^rr1irl)iim, litivralore, 3S9> 

hmulBph^rfi. 101-207. 
Swnlluwins. n>l1i-x(«, 43. 
8TmpaUi»UcuB, 85. 

SympUmMtologv. ImIoim of cen!tM^1Iu^l, 320, 
330. 

of medultn and pona. 402-400. 
GtyrinfoiinycliB. Sßs. 
ajnbem, motor, nf cord. Ä8. 

oUsctorv. '08. '100. '101. 

oi>Ue. 14«, 8OI: 

pcriphrnl iienr«iu, 19. 37. 

aympüihMe. 33, 35, 37. 41, 3$4. 

tfpncntal. 124. 
Bj*t9n)-iliM>iuH>ii. oord, 7. 

Tatw« donali*. 334. 34X. 3ST. SttZ. 
Tmtim of Starr, innorratkin of ocuUr mui* 
cl», am. 



Ticnia babcDul«, S7C. 

scmicircularla. 188. •lOfl. '174. 
thBlumi, 131. *82, '»8, 'W, 152. »100, '1! 

'125, IfiS, '144, 230, 221, '190^% 
'174.'17JI. 2«;, 26«, 27Ö, 277, 
309. 
Tail, Ruoioii« »udAtus, 240, S58, 2(10, 278, 

40U. 
Tapetuui. 241. 242. '158, 267, •i9ß-'188, 21)2, 

293. 
Taale-eenter. 4«. '48, 378. 

liacl., 403, "WW. 
TpctuiD optimm. "18. 71, 98. 
roeaeniKiiliali (midbrnin), *38, *&6, A3. '04, 
114. '«T, '«9. '70. 120. '78. '81. 
'W. "SC. 'SO. 'SQ. "ei, 143, '95, 
*97. '121; Boc also roof. 
T^mrntum, dimIuIU, 313. 

midbrain, Stt. 03, 117. 118, •73, 123, '112, 
1117, 254, 257. '166, 272. '176, 
•177. 275, 276. 278. 2M. »183, 
'1«0. 200, 205 309, '100, "192, 
•T09, 31«. 312. '201, 313. 315,„ 
324. 320, 381. 383, 384. 392. 303,1 
*m. 401, 403. 
IiOTi». 31 1, 312. *2016. 328. 3fl5-4(m, 403. 4(W. 
Tri» chorioidcu anterior. '75. 127. *7B. '82, 
'8tf. '02. 'WJ. 145. •90, lai. 
poiUrrior. '37. 75, '36. 78. 
Tcltnwi-ltBlon. '18, '64. '72, '83. '84. 'M. 
Ti>tB|>eratiin>. diaturbanoo of Mnsc u(, MQ, 

itiiF>r<>ui«nii, {ititli, 357. 
Tpndon-TcflMni, 43, 336. 337, 380. 
IVatifiriitm , 2113, 330 

Trn^. inn)or itiiil iiitMor. «inml ront«r, 334. 
TtiaUiiuc^i<i>)ihdliiii tint«rbTain) 60-52, *24. ' 
.m )«. m. 125-144. 310. *23«, 

4ie 

Thalaniu opti<-ii*. *1«, '2i>. ni, se. 114. 119, 
121. 122, 125-144. '74, ^ö. '80. 
•81. '82. *»i. 'IW-ia. *W. 154. 

ise, 1*7, 1«n,'i2n,'i22, 17«. 178, 

'Itt. ISe-lftrt. '127. 100. •13*., 
a», 218. '144. 220. £40, 241,) 
'IS8, 244, 245, 'IM-'loS, Ä4ft." 
£50, £02. 254, *1«£, *I8S, 257- 
272, •!(», 'IW, '17»-»179. 274- 
280. 2S2.288, '182, '183, e88-2»0Li 
'185. 203297, 'IW, »lOI, tnA 
•103. '199. 'l»». 306309, 'lOt,! 
•20ifl, 312. 314. 319, 3tS,1 
•236. 389, 3110, 308. 3». 400, 
4»». 

Thnmb. rrntcr. '148. 
inniM'vation. 07. 

Tihialia aiitii'u». t|>in>l cvntcr, 337. 

Tongu«. porU(«l ernli-r. '1411. 

TniMÜla c«T*-lM-lli. 317. '304. 318. 

Tonua, muMulnr. 44, Ol, 102, HO. 381. 
tu>r\-M, 03. 102. 

Tom« acnilHreulari». 121. *85. 302, 

TiitH'h Hti«i*. judgiDviit, 2äfl. 

Tinct (tractiiNl. geiMrat MHUtiderniioni, 6, 7, 
•I. 2ß. 37. 
billbo-corticoH», *M. lOO, '98, '100, 21». 
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Tnet. bulbo-onittriatiinu. *M. 14B, *9T, IM, 
•iw. "IDÜ. 10». 
CBMule InteriMl, 252, 207. 
nnbellum. n, SO. IftI, 100, lOT. Ill, *217, 

308. 
ci-reltrtio nnrimria, *S1I. 

ulivMil«. Klfü, ■211, 3^, 380, '242, »1- 

3M. 
«piuU^ 71, *3Sfl. '^Or, MI. 81. '43, '«, 

•w, m. •(». 1(18, »ei. 110^ •71, 

»«l 1,328. 
dntMlk. 328. ■22.''. 34», SSfi. •ZU. 
VMitfmlU, 32«. •-Ä1, 340. 350, •234. 
If^rniMtiilia. 100. 311. 
n-rrbnim. m. Ifl). 14S. 184, 2M, 23S. 3W. 
311. 
corUnl. 33. 243-247. 864. 2&5. 2S8, 2S». 

2«1. 
iiitntl<i4tuliir, £40. 
ourd, •pitul. 70. 71. «S, IM. 211, £4«. 324. 
337, 351 3S7. 3S9. 
inicrior, 70, 

kidfTO-laltTal, 71. S.W. 3.^7, 303. 
UAOciBtüin, SM. 

«enl>«tl*.r, dlrwl «•nur«', 92. 327. 328, 
3411, asti. 357, "233, 378. 378, 
•241. •243.*24ft. 3»4. 881, 393. 
■292. 307. 408. 
cvnrko-lumbalt» donalw. SM. 
iiiln-iiir<lk.UUraU». '210. »S. 
laornl, TU, 301. 818, »40. 3«. MO. 408. 
pgMrrior. 02-M, K, 70, •28, 71, 8S, M«i. 

3S2-Wr. MS, M». 
prMnm-MsantlMi, 3&7. 
pjmmiilal. 72. 83. 24(1. SSI. SS3. KS4. S07. 
•IBO, '1«. 2»». 8BB. •«», •■», 
308311. 341 .14«. *22l--22a, 34l>- 
30:1. .tiHi 3(12. *23l. 3S0-308, 373. 
*S3». 377, 3711, 3H2, '443, 385. 
3911. 40A, 400. 
mmrd. 8. 72. iU. 221t. '29. 340. 3jll. 

SM, 406. 
atm-'t. *223. -226. 351. 3Si, 39«, SM. 
4IW. 
BchdlU^'n Immn» trnotl. 3£4. 
ta>«tilc lin|irL-«itiun-i. 357. 
tonrnmlBr^viiuttiviii, 357. 
purlin» nd ponli^iii. 24A. 
carllcnliiilluiri*. li^. iW. 
*pM.iia(j^-u«. *'J'. lAl. 
habmiiliirU, l.'tl. I7:£ 
luinilUrw. *1iNl, 172. 
olftwiflriu«, lai. *lt>0. 
wpti, *lli0. 201.217. 
|wbUI>-, 311. 320. S-lfL 
nliulu ( pyntnldal i . 72. 83, W. M3, 8W, 

.•«4 341«. •2SI.352..3I»1. SM. 
tirffnirntalU, 272. 

tlubmlrtM, 134. 13S. 144. 170. 244. 24«. 
182, '103, ICi. 
mtnl. pooa. 401. 
ttltrt. 244, SüO, 
fronUI (o |MMi«. 2S4. 209. 
frontniMvipitnlia, 242. 
iluTwilü, 'IIH. 



Tr«M. (itiniti-ihnbmicti«. *83. 134, 243. 
CURUUiTy. 403. 
fasbeDulu-iMHluncuIiirl«. *44. *04. *30. 131, 
*SI. 132. '83, 'Ua, ■10», 27B. 
30& 
hMrins. tu. 
livmiMthere. MMKicUon-lnKt«, 240. 2U, 

277. 
iat*rt>r«in. 0». W. 101, lao, '83. 134. 
IntntM-üil, ■NuWiitiAniil, 114. 
lohi iBfrriiirin all <vTebi>llum. AM. 
lobo-««>rrlwlliiiii, 'Dl. 

troiiulis, '8S. 
naniillo-|inliiiM'iiUil*. 'M, 'tn\a. 

totrniriiiHlii, 277. 
raediilln »blongAta. 77. 63. DO. W. 101. sns, 
372. 
ftd niiclniin (uniruli pnvteriori». '211, 
ii*wci«Hie bivvi«. 80. *41, '40. »SS-»«. 
intwolivar^-. '234. 403. 
l>l«nt. '244. 
|HMb>ra-Ul#nil, .307. 

inmliiin. 307. 
tnolilc*, (•ulatm)u>. 4113. 
nüdbriiiR. 47. 8).P9. 114. 134.243. 200. fML 
motar. *t03. 4(12. 
tuxwn. cnmial. 3IKI. 406-408. 
NMditory, 93. lOU. 403. 
ocuMKfl.pftT'tvIUriis *47. 327. 328. 
-pinal. 83. IKI, M. 
IcoUil. •40. *18. 83. 
doruil, -iH. *i». m. "64. 
wnlml. *48. «8, PS. *83. 
üMtbr«], 400. MUi 
enrti«l, 408. 
•««niinry, 388. 
t^tn-noiutlrlii. •71. 
■)>iii>IU ■ruatim*. *äO. 
Uriml 207. 4im. 
KliMMi-tiharvDKMl. «piiuil. *40. 
bn>nilloHal. 267. 400. 

rrntral, 24;j. 
olfacttinu*. 22, I47-14D. *M-*tOO. 'IM, 
174. 177. 217, 210. 220, 231. 289, 
2H.1. 410. 
•M.U. »78. • 114. ICO. •123. 
(»tiMl», 7. •2Ä. »37. 'm. 120, 124, »74- 
•7». 12«. "J»-'82. 1.^3. *M. •«. 
138. 139. •«•-•03. 142. 143. *85. 
•IHI, *in«. 'K«. 'im. -Ill), M14. 
M22. 154. IM. 244. '10». iM- 
*ni. 'lafl. '173. "ITiw»!». 27». 
282290, MA3. 2W. "IIW. M86. 
• IIW. '237. 400. 4 1«. 
INmmofTiiiUii-. ni«|nr. »17. 
■Ild#0-f'-n;MI*ri«, l«*». 
V«f!»-(vr<-t><-1lAn«. SA. '40, *Ai2-'&l, 108. 
TaAOlM-UlU. 811, *fi2-'S4. 100. 
Ingffininal, hulh«-*|>inm]i*. *47. *52. *53, 
3*4. '234. 304. tfll. 
wnlrnl. '40. 'M. *25l. 
«irtiral. 408, 
ex lohn. «7. •.'►4. 

mrfrnrriiliiilii-. '2fi1. '2U, ÜOt, Hfl. 
nuelru-cvn'Iirl Ifl rill. lOD. 
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Tract. twrT9, tTigeminHl quintu-fitrrtiallu-is, 
•B3. lUS, '71. 327. 328. 

(ertBiis, '.'ji. 'aa. 

thalamic, 'ST. '251. 
Kvi'ontUi v> 31)4. 
nucl^ocjn-bflUir, HW. 32Ö. '212. 
Ociipitii-frotiliilU. 177. "121, •198. 
ine^np^phnlicu«, 174, 'läl. 
twUli«. 'Hi. 
oHHc1-i.-liiitH't.iilBnH. ISn. •iW. ■100. 'ISO. 
order, flrat or seewnJ, ^3. 24. "l^. 72, 81, 
'227. .-WS. 

p«mi. '»0. -M. 145. *\2.i. t*a. 2,w. 

p^unouUiiK Iransvi-rqa. 204. 
m;|iUi-rii™-n<vplialiru». *"«. 'S4. «O». "101, 
■im, 1»I6. '114. '115, 'ISO, 174, 
17S. 
fpc«ch, 'MS. 24lt. 4(12 4I>'. 
•tno-hvTii^t.hiilitiiiirii*. IfiR. 
ölfacloriii«, *I4I. "US. *I44. 
UiaUiniif-u». •iMl. *70. "72. 'iä, "80, "SI. 
132. 134. '«3, *M. IS«. •80. "87, 
•«U'M. 143. 144. 'U. 'm, •SM, 
•KI2. 'IM. 1.1«. 137. •120. 'IZa, 
230. Sß7. 374. 
diinulia, *8S. 
terto-bullMirJ». 9. 73. SI, 00. 113, 'M, "OB, 
IJ«. ■«;. 118. '88. "fll. "lis. 
syinalu, 3. 'S», li. '-Vic. '41. 81, •48, "4«, 
•52, "M. VH. "M. W. 113, '«5, 
]]», '117, US. '71, '72, '88, •til, 
•B2- 
llialamiriiH, liO. 
|]iAlnmo-«pinu1)H. *4I. 81, 
tejinciHiilw. 10. 272. 31J. :W1. 
«■Html «f llri-hlMtH. .TSI, '243. 383. 
•24*. 'WQ, 'i-Vi. 
tegttKiito-frtehvnan^ '50. 'IM. in7, 11. 
122. '88. *M. 'Pi. laj, MS» 
£00. 
iiHiimllnri», •177. •!!»!. 
ti.-ln[ii)rHl til |H>l>», 2.i4. 

to tJiAlsmun. 27IS, 2*9. 
t«itii>ür<iorcifiiiiili« Kd pooliMii, 252, *IB3. 
th«lumi>iiii-i>i»l()-ri>ri>)irlIaTi<i, 107. 
tbnlnmohulbariH. lit. L.1U. 272. "SOtO. 
iirrvt)pili>riit. *.W. 

mnmillaris ibunillo of \'iiH| d'Axjrr), *72. 
132. *IW. •I2II. a». "174, '178, 
274. 27S. 
obloncnlnl, 272. 
B]niiuli». *7I. 134, l.m 
twt-li». '72. 132, '83, »84. S9H. 
|p|;it)i-iitAlls. 277. 
tTunnvi-rsu» litniK, •100. 
TrftH,-iN'lU, cfttii, aM. 
Traii>(niifl*ion of irnuulM^. 23. 33, 30, lid. 
Ti-BjM'iiiini, poim, 3H7, 3H8, -247, *Ä48. 
Tni]Hiiuii, «iiinnl c^nlpr. SS6. 
TnuHir. uoilBleral. 270. 
Tri«!», spin"! cMiU>r. 33(1 
Trlgcnlni». a«* nfnre, trigemlnKl. 
Tnwhicuri», w* iktvi-. troohlMir, 
Truncu». cortu-ul otritcr, '143. 'UO, 
Tulw, cpiitlivM-nl. 127. 



Tuber clnereiim. '20. 128. 18J, 18«. 100. M«, 
•174. »ITS, •181,280. "lUG. 40». 

txnia:, '100. 1S2. 

»..Ivuhe wreWli. 318. '205, 317, 31«. 

vcrmii, 310. 
TubfrculiiHi jic>i*ti''iim, •47, '49. 03, »H. «7, 
.1H5. 3S7, 3«*, •247 

Uinlami nntrriu», *]2fi, IsK, 2.^11. 274. 
Tubule, epithplinl. of lijrjiophyeiH, 280, 2Sl. 
Tuinwr, lirsiii. 300. 32», 330. 

cervbntluiii. 32U-331. 

uieilulta aud pons, 402-Mfi. 

fncua. '133, 197. '135. '170; nm «liw nroij 

iiiinjinUi». 
Uvuln ccrobrlli, '204, 317, 3111. 

Vngtni, itfc inTw. pnf Huincoatrie. 

Vftlviilii »f*holli, •!«. 'aiP. '-14, »15, »60, •««, 

•7«, •«!>, "Stf. *09. "114. 
VHiiTii Hionoiili'iini, 'IS, fioi, 145. 
inl4>Tpo«itum. 201. 
inodiillan.' «uliiiim. 101. "3lj. '60. 108. 121. 
•Sfl. •»». "14*. 'Ife. 'aOI6, 313- 
3IÖ. •202.2(14. 317. aih, 32.1. 328, 
*2.1il. 372. 374. "203. 3W. 401. 
pnsticum. 121. 3H. 319. "230, 372. 
VralricI« of limiti. Mi. SH, 34 fvcntritnilu»). 
foiirtli (fwAU rhuiDWiditliittj.äi.A«, 7S, '37, 
•3«, 78, 8«, *-. 8». M. '83, 'M, 
101. 127. "SB. '«7, »W, '95, 
•182, 310, 3lä. 31», '210. 334, 
328. 3(13. 372S74. •230. 370, 
■243, 388. 300302. 3911. 
l&Wnil, IK, *22, S3. *7». 133, IJO. IM. 102, 
•lis. 1»3.|87, •126. "127, ISO, 
HIS. 11)». •134. 200. 21«, '141,' 
213. 21». 22(1. '154. 240-842, 
•101. 240, '102. 2M-2IB. 'm, 
'172, 278. 270. 201-293. 'ISS. 
•189. 
horn, anterior, 268. 

inferior, or middle, •l*4, 849. «79, »l- 

203. 
|>n«t4>Tinr, IW. 202. 203. 
lohe, nltnrtorv. 'M. '142. 
mldbrutn, '«-1. 121, '73. *7\ 
vnti ix-llucidi. ixe. *125. IUÜ. 200. 
tlilnl (medin«). K. 'S!. *22, "7S. 127. 138. 
•H7. 'iiW. 'It». *I18. I8Ö. 187, 
IIH). !li7. 'IfiS. 2.'W-2«I, "IflS, 
•mo. 207. ffl«. '170. 27S, 2»0, 
*182. see. SM, 205. 'IIW, 303, 
•107. '23«. 
Vcrip». 18«. 

Wrmi. cen;lw11i. 102, 105, 108. 315318. '«0«, 

322 324, "211, 32li, .127. 230, 34«, 

3MI, 37», '241, "244, '245, 3B1, 

•252. 

VcrÜEO. 330. 

VMicks. urlnuiry. of brain, 4», SO, *2I, 100, 

187. 
VMtibul* of c«r. fll. 

Vi«wm. innervation. 24. 'l*. 07, M, 70, 84, 
84. 3M. a», U6. 
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Viaion, cortical center, *148, 226; lee also 
sight 
diiturbance of, 330, 410. 
physiology, comparative, 176. 



Waller, law of. 6. 7. 333. 

Weight, of brain. 206, 207. 

Word-blindneu. 240. 

Womi of cerebellum. •182; see vermis. 

Wrist, cortical center, •148. 



Zona granuloBR. bulb, olfactory, 213. 



Zona granulosa, cortex eerebelli, 319, 320, 
•207, •208. 328, 32B. 
incerta, regio »ubthalamica, 276, ~t78. 
marginalis. cord, '22.^, *225, 3S0, 356. 
mixed, anterolateral, cord. 3S0, 356. 
molecuUris eerebelli, 110, 319, 320, *207, 

328. 
motor, of extremities, 251. 
of His, 84. 
radicular, •225. •226. 

anterior, 350, 351, SRH, 356. 
sponniosa, 356. 
terminalis, 35.5. 
Zone of decussation, cerebellum, "210. 
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